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The corresponding citation and the respective license numbers are given at the beginning of the 
particular chapter. 
At the beginning of each chapter a list of authors is included. Further the contributions of each author 
are described. Additionally, if some of the presented results have already been partly discussed in 
other theses, it is stated at the beginning of the respective chapter. 
To ensure a uniform design of this work, all chapters are subdivided into “Introduction”, “Results and 
Discussion”, “Conclusion”, “References” and “Supporting Information”. The subchapter “Supporting 
Information” is additionally subdivided into “Synthetic Procedures”, “X-ray Diffraction Analysis”, “Solid 
State Structures”, “Crystallographic Information”, “NMR Spectroscopy” and optionally “Computational 
Details”. 
Furthermore, all chapters have the same text settings and the compound numeration begins anew. 
Due to different requirements of the journals and different article types, the presentation of figures 
for single crystal X-ray structures or the “Supporting Information” may differ. In addition, a general 
introduction is given at the beginning and a comprehensive conclusion of all chapters is presented at 
the end of this thesis. 
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1 Introduction 
1.1 Chemistry and Application of 13/15 Compounds 
 
Compounds consisting of triels and pnictogens are also known as 13/15 compounds. The first 
documented synthesis of such compounds is dated to 1809. The famous scientist Gay-Lussac reported 
about the obtained ammonia bortrifluoride adduct H3N-BF3.[1] Further investigations of such 
compounds led to the exclusively hydrogen substituted analog of H3N-BF3, the ammonia borane 
H3N-BH3, which was firstly isolated in 1955[2] and is currently investigated as potential hydrogen 
storage material due to its high molecular hydrogen content (   ̴19.6 wt.-%). Subsequent 
dehydrogenation finally results in the formation of boron nitride (BN) (Scheme 1.1).[3]  
 
Scheme 1.1. Dehydrogenation of ammonia borane. 
 
Hydration of boron nitride with the aim to obtain ammonia borane proves to be challenging and is part 
of current research.  Recently the groups of Guo and Yu reported about a viable route for the chemical 
recycling of metal-B-N containing hydrogen storage materials.[4] Beside pure academical interest boron 
nitride offers versatile possible applications. Dependent on the modification boron nitride is used as 
high temperature lubricant, as ceramic linings for rocket engines (α-BN) or abrasive material for 
industrial processes (β-BN).[5] (The modifications are discussed in detail in the next chapter).  
Beside application as hydrogen storage material, ammonia borane also turns out to be a suitable 
precursor for polymerization. Reactions with transition metal complexes result in catenation of the 
starting material undergoing a dehydrocoupling reaction, leading to high molecular weight inorganic 
polymers bearing a boron-nitrogen backbone.[6] Beside nitrogen containing 13/15 adducts also 
compounds containing heavier group 15 elements are investigated. The phosphorus containing analog 
of ammonia borane, the phosphine borane H3P-BH3, was firstly synthesized in 1966.[7] Denis et. al 
reported about the oligomerization of phosphine borane as well as mono phenyl-substituted 
derivatives under release of hydrogen, using catalytically amounts of B(C6F5)3 (Scheme 1.2).[8]  
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Scheme 1.2. Dehydrocoupling reactions of Phosphinoboranes with catalytical amounts of B(C6F5)3.  
 
Overall organosubstituted phosphine boranes are proven to be suitable substrates for transition metal 
catalyzed polymerization reactions leading to inorganic high molecular weight polymers 
(Mw = 31.000).[9] Corresponding polymers bearing an arsenic boron backbone are unknown so far. 
Linear oligomers are limited to cationic compounds of the type [Me3N-BH2-AsR2-BH2-AsR2-BH2-NMe3]+ 
(R = H[10], Ph[11]). Beside the pure academical interest, arsenic containing 13/15 adducts also have 
practical application. Manasevit reported about the reaction of GaEt3 with AsH3 under thermal 
conditions, leading to formation of GaAs which is used due to its semiconducting properties.[12] 
Another very interesting compounds are frustrated Lewis pairs (FLPs). Usually those FLPs reveal a Lewis 
acid (LA) as well as a Lewis base (LB), in many cases based on group 13 and 15 elements, which are 
spatially separated. Due to this separation the formation of a typical LA-LB adduct is inhibited. Stephan 
et al. investigated a phosphorus and boron containing FLP resulting in activation of hydrogen under 
mild conditions (Scheme 1.3).[13]  
 
Scheme 1.3. Activation of hydrogen with frustrated Lewis pairs (FLP). 
 
The reaction is reversible and upon heating hydrogen can be released from the zwitterionic product. 
Offering substrates like CO2 to such FLPs leads to the activation of the carbon dioxide under formation 
of the corresponding addition product.[14] Only few years ago successful attempts of  hydrogenation of 
CO2 using nitrogen-boron based frustrated Lewis pairs have been carried out.[15]  
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1.2 Comparison of 13/15 compounds with C-C-units 
 
Growing interest in 13/15 compounds is not only caused by their possible applications. A closer look 
to a carbon-carbon bond in comparison to a group 13-15 bond reveals remarkable structural and 
chemical similarities as well as differences. One crucial aspect of this relationship is the electronical 
constellation. While every carbon bears four valence electrons (VE) within a C-C-unit, the distribution 
in a pncitogen-triel bond is not as equal. Here the group 13 atom contributes three and the group 15 
five VE, respectively, never the less leading to a sum of 8 VE in both cases. According to this a C-C- and 
a 13-15-unit are seen as isoelectronic. The most known modifications of elemental carbon are graphite 
and diamond. Graphite reveals a two dimensional layer structure, in which each layer is build up by 
sp2-hybridised carbon atoms in a hexagonal arrangement. These layers are stacked in a way, so that 
under each gap within the hexagonal structure a carbon atom of the subjacent layer is located, leading 
to shifted stacking. The scaffold inside of a diamond reveals a tetrahedral arrangement of 
sp3-hybridised carbon atoms. Analog modifications are found for boron nitride (BN) (Figure 1.1).[5]  
 
Figure 1.1. Graphite and diamond analog modifications of boron nitride (α-BN and β-BN). 
 
Being the second hardest known material right after diamond itself, β-BN is also known as “inorganic 
diamond”. Apart from slight deviation between the atomic distances (rCC = 1.54 Å, rBN = 1.56 Å) within 
the scaffold their structural data are quite similar. Comparable to graphite the α-BN reveals a layer 
structure as well, but with one crucial difference. Contrary to the carbon analog the layers of the 
“inorganic graphite” are not shifted but stacked in a way so that above every nitrogen a boron atom is 
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located and equally the other way round. Never the less the distance between the layers are 
comparable (dCC = 3.35 Å, dBN = 3.33 Å). 
Focusing on common nitrogen boron containing adducts like the ammonia borane, H3N-BH3, the 
structural and electronical analogies to hydrocarbons can be observed further. The arrangement of 
the substituents as well as the bond length between the CH3-fragments belonging to an ethane 
molecule is comparable to the geometry and the distance between NH3 and BH3 within the ammonia 
borane. This similarity applies to the unsaturated derivatives as well as up to borazine often referred 
as the “inorganic benzene” (Figure 1.2). 
 
Figure 1.2. Structural comparison between C-C-units and B-N adducts. 
 
In contrast to the homopolar bonding situation within the ethane molecule the unequal VE 
contribution and different electronegativities within the ammonia borane lead to a polarization of the 
B-N bond and therefore to different reactivity. Addition reactions towards amino- and iminoborane 
proceed faster and more predictable than towards the unsaturated hydrocarbon analogs. With focus 
on the bonding situation between NH3 and BH3 another difference can be observed. While the carbon-
carbon bond within an ethane molecule can be defined as covalent, calculations reveal that only 0.2 e- 
are transferred from nitrogen towards the boron atom within ammonia borane and most electron 
density remains near to the group 15 element.[16] According to this the B-N-bond is more precisely 
described as dative interaction. Proceeding to boron adducts with phosphorus, the heavier homolog 
of nitrogen, the resulting compounds are no longer comparable to ethane or ammonia borane 
regarding structural and electronical properties. They are isoelectronical to C-Si- and N-Al-units 
instead.[17] Another crucial aspect is stability. While the B-N compounds shown in Figure 1.2 are 
accessible under standard conditions, the phosphorus analogs are unknown so far except of 
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phosphane-borane.[18] Beside stabilization at temperatures below -30 °C also a Lewis base stabilized 
derivative of the phosphanylborane H2P-BH2-NMe3 is accessible which is discussed in the next 
chapter.[19] Also the structural differences of the unsaturated derivatives compared to aminoborane 
and iminoborane, respectively, are apparent (Figure 1.3).[5] 
 
Figure 1.3. Phosphorus containing analog and unsaturated derivatives of presented ammonia borane. 
 
DFT computations reveal that a pyramidal environment of the phosphorus atom in the H2P-BH2-unit is 
energetically favoured. Additionally computations indicate that P-B moieties do not show the same 
ability to form planar species compared to B-N units leading to the angled shape of phosphino- and 
phoshiminoborane, respectively. The corresponding arsenic containing derivatives to the compounds 
shown in Figure 1.3 are solely investigated by theoretical studies[20] except of a Lewis base stabilized 
derivative of the arsanylborane H2As-BH2-NMe3 which is discussed in the next chapter.[21]  
 
1.3 Chemistry of parent Lewis base stabilized Pnictogenylboranes 
 
Ammonia borane (H3B-NH3) is a good accessible and stable chemical which can be handled even 
without inert gas conditions. The unsaturated derivative, the aminoborane, reveals a decreased 
stability. Never the less it was possible to isolate and study H2B-NH2 under cryogenic conditions.[22] 
Raising temperature increases the reactivity and leads to catenation. Due to an empty orbital at the 
boron atom and an accessible lone pair located at the pnictogen atom it tends to undergo a head-to-tail 
polymerization (Figure 1.4). 
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Figure 1.4. Head-to-tail polymerization of pnictogenylborane monomers. 
 
To avoid polymerization, which occurs at temperatures above -30 °C, the stability of aminoborane can 
be increased by introducing bulky organic substituents on the group 13 and 15 elements.[23] Another 
possibility is blocking the free orbital on the boron atom and hindering the accessibility of the lone pair 
(LP) at the pnictogen atom. This can be achieved by coordination of the LP to Lewis acids and 
coordination of Lewis bases to boron, resulting in compounds even stable at room temperature.[24]  
Moving on to phosphorus and arsenic containing analogs the stability decreases even further in 
comparison to nitrogen containing compounds and their unsaturated derivatives. While the phosphine 
borane adduct (H3P-BH3) is only accessible at low temperatures[18]  the investigation of H3As-BH3 is 
limited to theoretical studies.[20] To obtain stable monomeric phosphanylboranes[25] and 
arsanylboranes,[26] respectively, the introduction of bulky organic substitutents is necessary (I).  
 
Neither the monomeric hydrogen substituted phosphanyl- nor the arsanylborane are accessible so far. 
As already mentioned above, coordination of the unsaturated parent compounds towards LAs and 
coordination of LBs to the boron center leads to stable derivatives which can be handled even at room 
temperature (II).[27] With increasing stability the reactivity of the obtained pnictogenylboranes is 
lowered due to the fact that the functional groups are sterically shielded or saturated, hampering more 
detailed investigations of their reactivity. Further development of the synthetic procedure of above 
mentioned phosphanyl- and arsanylborane (II) by the Scheer group results in the first Lewis base 
stabilized phosphanylborane[19] followed by the corresponding arsenic containing analog few years 
later (Scheme 1.4).[21]  
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Scheme 1.4. Synthetic pathway of the Lewis base stabilized phosphanyl- and arsanylborane. 
 
Both compounds are stable even at room temperature and offer a terminal phosphine and arsine 
group, respectively, suitable for versatile chemistry (III, Scheme 1.5). Functionalization with organic 
substituents leads to Lewis base stabilized pnictogenylborane derivatives (III) where the phosphorus 
containing compounds undergo catalyst free oligo- and polymerization at very mild conditions  
(IV, Scheme 1.5). Especially the mono tert-butyl substituted phosphanylborane leads to high molecular 
polymers containing up to 2000 repeating units.[28] Polymerization of phosphanylboranes only occurs 
when the terminal phosphane group is nucleophilic enough to remove the coordinating LB NMe3 
resulting in a head-to-tail polymerization. Treating the polymer [tBuPH-BH2]n with even stronger 
nucleophiles than NMe3 like NHC (NHC = N-heterocyclic carbene) results in cleavage of phosphorus-
boron bonds leading to the monomeric building blocks tBuPH-BH2-NHC, stabilized by NHC.[29] Attempts 
to polymerize corresponding arsanylboranes have not been successful so far despite variation of 
reaction conditions as well as substitutents.  
 
Scheme 1.5. Selected reactions of Lewis base stabilized pnictogenylboranes. 
8 || Introduction 
 
Beside coordination towards boron centered LAs of the type BR3 (V, Scheme 1.5)[11,19,21,30] also cationic 
compounds, revealing two Lewis base stabilized pnictogenylborane equivalents bridged by a  
BH2 group, can be obtained (VI, Scheme 1.5).[10,11,31] These compounds are unique for bearing the 
longest arsenic boron containing linear chain like structure. Reactions of these pnictogenylboranes 
with elemental chalcogens lead to the corresponding oxidation products proving the suitability for 
redox-chemistry (VII, Scheme 1.5).[11,19,32] Based on the investigations concerning phosphanyl- and 
arsanylboranes, respectively, also the synthesis of the first LB stabilized parent stibanylborane 
H2Sb-BH2-NMe3 was recently published.[33] 
Another focus of current investigations is the behavior of Lewis base stabilized pnictogenylboranes in 
the coordination sphere of transition metal fragments. Reactions of H2E-BH2-NMe3 (E = P, As) with 
gold(I) salts lead to 1-dimensional coordination polymers built from a linear chain of gold cations.[34] 
These compounds reveal luminescence properties in the solid state while solutions does not exhibit 
any luminescence. Treating H2P-BH2-NMe3 with [Cp2Ti(btmsa)] (Cp = cyclopentadienyl, btmsa = 
bis(trimethylsilyl)acetylene) again reveals the suitability of H2P-BH2-NMe3 as ligand.[35] At low 
temperatures the coordination product VIII (Scheme 1.6) can be isolated. 
 
Scheme 1.6. Reaction of H2P-BH2-NMe3 with [Cp2Ti(btmsa)]. 
 
At temperatures above -80 °C elimination of the trimethylamine and subsequent catenation of the 
phosphanylborane can be observed. Depending on the reaction conditions oligomers of different 
length can be stabilized in the coordination sphere of Cp2Ti fragments (Scheme 1.6). 
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2 Research Objectives 
 
As an alternative to carbon based organic polymers the catenation of group 13/15 monomers is in the 
focus of current researches. Additionally to nitrogen and boron, phosphorus and boron containing 
adducts are revealed to be suitable substrates for polymerization experiments. One key step during 
the linking of the monomers is the formation of unsaturated E=B units (E = N, P) and the subsequent 
spontaneous head-to-tail polymerization. There are several different starting points to achieve this. In 
situ generation of the highly reactive molecules via metal catalyzed dehydrocoupling reactions of 
saturated pnictogen boron adducts is a well established procedure. Since the accessibility of Lewis base 
stabilized phosphanylboranes an alternative catalyst free route to phosphorus containing inorganic 
polymers is available. However a weakly coordinating Lewis base, removable by the terminal PR2 group 
(R = H, alkyl, aryl), is an inevitable requirement for a successful catenation of such compounds. 
Trimethylamine (NMe3) turns out to be a suitable choice as Lewis base. Never the less it proves 
challenging to conduct the polymerization step by step. Attempts for the polymerization of 
arsanylboranes are unsuccesfull so far, despite changing reaction conditions. For investigations 
regarding the nucleophilic attack of ER2 groups (E = P, As; R = H, alkyl, aryl) towards Lewis base 
stabilized pnicotgenylboranes and the simultaneous removement of the Lewis base NMe3 the 
following tasks arise: 
 Reaction of pnictogen based nucleophiles of the type MER2 (M = alkali metal; E = P, As; R = H, 
alkyl, aryl) with Lewis base stabilized pnictogenylboranes which should result in the formation 
of discrete anionic linear entities.  
 Investigating the reactivity of the anionic units by subsequent reaction with equivalent 
amounts of pnictogenylboranes leading to elongation of the 13/15 backbone.  
The coordination chemistry of pnictogenylboranes towards transition metal fragments is well 
investigated. Removing the Lewis base from R2E-BH2-NMe3 (E = P, As; R = H, alkyl, aryl) by pnictogen 
based nucleophiles should lead to formation of anionic pnictogenylborane derivatives bearing two 
terminal ER2-units (E = P, As; R = H, alkyl, aryl) as functional groups. Researches regarding the 
coordination behavior and suitability as chelating ligands as well as a linker include: 
 Reaction of anionic pnictogenylborane derivatives with transition metal fragments offering at 
least two coordination sites. 
 Reactivity towards Cu(I) cations. 
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3 Anionic Chains of Parent Pnictogenylboranes 
 
C. Marquardt, T. Kahoun, A. Stauber, G. Balázs, M. Bodensteiner, A. Y. Timoshkin, M. Scheer 
 
 
 
 
 
 
Abstract: We report on the synthesis and structural characterization of unprecedented anionic parent 
compounds of mixed Group 13/15 elements. The reactions of the pnictogenylboranes H2E-BH2-NMe3 
(1a = P, 1b = As) with phosphorus and arsenic centered nucleophiles of the type [EH2]- (E = P, As) lead 
to the formation of compounds of the type [H2E-BH2-E’H2]- (2: E = E’ = P; 3: E = E’ = As; 4: E = P, E’ = As) 
containing anionic pnictogen-boron chain-like units. Furthermore, a longer 5-membered chain species 
[H2As-BH2-PH2-BH2-AsH2]- (5) and a cyclic compound [NHCdipp-H2B-PH2-BH2-NHCdipp]+[P5B5H19]- (6) 
containing a n-butylcyclohexane-like anion were obtained. All the compounds have been characterized 
by X-ray structure analysis, multinuclear NMR spectroscopy, IR spectroscopy, and mass spectrometry. 
DFT calculations elucidate their high thermodynamic stability, the charge distribution, and give insight 
into the reaction pathway. 
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3.1 Introduction 
 
The interest in the catenation of non-carbon atoms and moieties has increased significantly over the 
last few years. Current research focuses especially on the catenation of Group 15 elements. Whereas 
chains of polyphosphines and polyphosphorus anions have already been studied thoroughly in the last 
few decades,[1] the chemistry of catena-phosphorus cations has been discovered recently and was 
investigated intensively, for example by the groups Burford[2] and Weigand.[3] The homocatenation of 
Group 13 elements was explored as well.[4] Moreover, amine- and phosphine-borane adducts gained 
increasing interest as hydrogen-storage materials as well as precursors for novel inorganic polymers.[5] 
Polyamino- and polyphosphinoboranes are primarily obtained by dehydrocoupling reactions of the 
corresponding compounds RR’HE-BH3 (E = N, P) mediated by metal catalysts and can be viewed as 
inorganic analogues of organic polymers, such as polyolefins.[5] Recently, a novel non-catalytic addition 
polymerization of Lewis base stabilized phosphanylborane monomers was achieved.[6] In contrast, only 
a few short chains of neutral oligophosphinoboranes were characterized by X-ray structure analysis.[7] 
Compounds containing longer chains were only characterized by spectroscopic methods.[8] In all of the 
reported compounds the P-B core is protected by organic substituents. We are especially interested in 
the synthesis and reactivity of parent Group 13/15 compounds containing E-H bonds,[9] a field which is 
also in the focus of the Rivard group.[10] Recently, we reported the high-yield synthesis of the 
pnictogenylboranes H2E-BH2-NMe3 (1a: E = P; 1b: E = As),[11] which are excellent building blocks for the 
formation of oligomeric[12] and polymeric[6] compounds. Moreover, by using them as starting materials 
we succeeded in the synthesis of novel cationic chains of phosphanyl- and arsanylboranes.[13] The 
cationic species [Me3N-H2B-[PH2-BH2]n-NMe3]+ (I: n = 1; II: n = 2) are thermodynamically sufficiently 
stable to be isolated, whereas similar compounds containing an anionic P-B-P core are unknown to 
date. 
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In contrast to other cationic[14] and neutral[15] compounds containing a P-B-P backbone,[13] the reported 
parent anionic species are almost exclusively restricted to branched examples, such as compounds of 
type III[16] and IV.[17] Shorter anionic derivatives with BH3 end groups (type V[18] and VI)[19] are obtained 
by the deprotonation of the corresponding phosphine-borane adduct. The only known linear anionic 
chains contain electron-withdrawing CF3 groups (type VII) to distribute the negative charge 
appropriately. However, they were only obtained as mixtures and were solely studied by NMR 
spectroscopy.[20] To our knowledge the only anionic arsenic derivative is the methyl-substituted 
bis(borane)dimethylarsenide Na+[H3B-AsMe2-BH3]- (type VI).[21] Von Schnering et al. reported on 
solid-state reactions of BP, BAs, or the elements with potassium at 1000-1100 K leading to the short 
linear, propadiene analogue Zintl anions [E-B-E]3- (E = P, As).[22] However, the quest for alternative 
solution approaches to linear anionic chains of the parent pnictogneylboranes especially arsenic-rich 
chains with longer sequences is still open.  Herein we present a general synthetic approach and the 
structural characterization of the first exclusively H-substituted, parent anionic phsphanyl- and 
arsanylborane chains. 
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3.2 Results and Discussion 
 
Sonication of a solution of the phosphaynlborane H2P-BH2-NMe3 (1a) with one equivalent of NaPH2 in 
THF leads to the substitution of NMe3 by PH2- and the formation of [Na][H2P-BH2-PH2] (2,  Scheme 3.1). 
 
Scheme 3.1. Reaction of 1a and 1b with phosphorus and arsenic centered nucleophiles. Isolated yields are given 
in parentheses. 
 
As arsenides are good nucleophiles as well, KAsH2 was treated with H2As-BH2-NMe3 (1b) yielding 
[K][H2As-BH2-AsH2] (3, Scheme 3.1). Treatment of 1b with NaPH2 selectively yields the mixed chain 
compound [Na][H2As-BH2-PH2] (4, Scheme 3.1).[23] Furthermore, when 1b is treated with 0.5 
equivalents of NaPH2, or another equivalent of 1b is added to 4, the longer chain 
[Na][H2As-BH2-PH2-BH2-AsH2] (5, Scheme 3.1) is obtained. Unfortunately, 1a, 2 or 3 cannot be 
transferred into a similar chain, despite numerous attempts. Compared to the cationic compounds 
I and II,[13] the anionic species are much more sensitive and react readily with solvents, such as 
acetonitrile. 
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According to 31P and/ or 11B NMR spectroscopy of the crude reaction mixture, 2 and 3 are generated 
without the formation of side products. In the reaction of 1b with NaPH2, 4 is also selectively obtained. 
Only small traces of 5 can be detected as a side product. Compound 5 is obtained selectively when a 
slight excess of 1b is used.[24] After addition of 18-crown-6 all the compounds can be isolated as 
crystalline solids in good to excellent yields (Scheme 3.1). 
In the 31P NMR spectrum of 2(thf)2, a very broad triplet at δ = -175.0 ppm (1JP,H = 172 Hz) is observed, 
without further resolved coupling. The 11B NMR spectrum of 2(thf)2 shows a triplet of triplets at 
δ = -34.7 ppm (1JB,P = 26 Hz, 1JB,H = 99 Hz). In the 11B NMR spectrum of 3, a triplet arises at δ = -34.5 ppm 
(1JB,H = 106 Hz). The 31P NMR spectra show a very broad triplet at δ = -174.8 ppm (1JP,H = 173 Hz) for 
4(thf)2 and at δ = -56.0 ppm (1JP,H = 307 Hz) for 5(thf)2. In the 11B NMR spectra, a triplet of doublets can 
be found at δ = -34.4 ppm (1JB,P = 27 Hz, 1JB,H = 102 Hz) for 4(thf)2 and at δ = -37.4 ppm (1JB,P = 58 Hz, 
1JB,H = 105 Hz) for 5(thf)2. 
The X-ray structures of 2(thf)2, 4(thf)2 and 5(thf)2 show the anions without any contacts to the cation. 
Only in the structure of 3 is the [H2As-BH2-AsH2]- anion in close contact to [K(18-c-6)]+. The P-B bond 
lengths of 2(thf)2 are at 1.960(3) and 1.963(3) Å slightly shortened as compared to the starting material 
H2P-BH2-NMe3 (1.976(2) Å),[9b] but to a lesser extent than in the cationic species 
[Me3N-BH2-PH2-BH2-NMe3]+ (1.957(3) Å).[13] Compound 3 shows As-B bond lengths with 2.062(2) and 
2.069(2) Å, which are again slightly shorter than in H2As-BH2-NMe3 (2.071(4) Å).[11] The cationic species 
[Me3N-BH2-AsH2-BH2-NMe3]+ in contrast exhibits slightly elongated As-B bond length 
(2.076(3)-2.086(3)).[13] The P-B bond length of 4 is 1.975(4) and the As-B bond length 2.050(2) Å.[25] The 
P-B bond length of 5(thf)2 is 1.947(3) and the As-B bond length is 2.081(3) Å. Compared to 2 and 3 the 
P-B bond is shortened, whilst the As-B bond is slightly longer.  
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Figure 3.1. Molecular structure of 2(thf)2, 3, 4(thf)2 and 5(thf)2 in the solid state. Thermal ellipsoids are set at 50% 
probability. The counter ions are omitted for clarity. 
 
The terminal EH2 groups show rotational disorder in the solid state for 2(thf)2 and 3.[26] In the solid 
state, the all-antiperiplanar conformation (with respect to the lone pairs) is predominant for 2(thf)2, 
whereas 3 favors an all-synclinal conformation (Figure 3.1).[27] Compounds 4(thf)2 and 5(thf)2 reveal a 
mixture of antiperiplanar and synclinal arrangements, resulting in an u-shaped structural motif for 
5(thf)2 (Figure 3.1) similar to the cationic species II. This is in good agreement with the calculations for 
the gas-phase species of Lewis acid/base stabilized pnictogenylboranes, which have shown that the 
energy differences of different conformations are very small (6-7 kJmol-1).[28]  
The natural poplutaion analysis (NPA) reveals that the main part of the negative charge in the chains 
[H2E-BH2-EH2]- is localized on the B atom (2: -0.70e; 3, 4: -0.68e) whereas the P and As atoms are almost 
neutral (-0.06e for P, +0.01e for As in each case). In the longer chain [H2As-BH2-PH2-BH2-AsH2]- the B 
atoms also have a negative charge (-0.73e); the As atoms are almost neutral (-0.05e) and the central P 
atom is positively charged (+0.62e). According to the NPA charge distribution, the anions in 2-5 can be 
best described as boranate anions. 
To gain deeper insight into the energetics of the substitution reactions of H2P-BH2-NMe3 (1a) and 
H2As-BH2-NMe3 (1b), DFT calculations were performed in solutions.[27] Accordingly, the reaction of 1a 
with EH2- leading to [H2P-BH2-EH2]- is exothermic by -39.4 kJmol-1 for E = P and by -42.1 kJmol-1 for 
E = As (Figure 3.2).  
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Figure 3.2. Energy profile of the reaction of H2E-BH2-NMe3 (1a = P, 1b = As) with phosphorus- and arsenic-
centered nucleophiles. Relative energies calculated at the B3LYP/def2-TZVP level. 
 
Interestingly, the reaction of 1a or 1b at the AsH2 unit of 4 is thermodynamically unfavored, while the 
reaction at the PH2 unit is thermodynamically favored (Figure 3.2). Although the reaction of 2 with 1a 
or 1b is predicted to be exothermic, experimentally no reaction was observed. The inspection of the 
electrostatic potential in 4 shows a light accumulation of negative charge on the phosphorus atom 
compared to the arsenic atom. 
Since N-heterocyclic carbenes (NHCs) are nucleophiles, the reaction of H2P-BH2-NMe3 (1a) with NHCdipp 
was also investigated. At room temperature, no reaction was observed. Refluxing the reactants in 
toluene affords the mixed ionic Group 13/15 compound 6 (Scheme 3.2) as the only isolated product in 
minor yields. The formation of 6 is rather unexpected. Probably, during the reaction NMe3 is eliminated 
leading to a transient H2P-BH2 species that aggregates and in the presence of NHCdipp rearranges to 6. 
The formation of the cationic part in 6 may also be a result of the presence of ClBH2-NMe3 as minor 
impurities in the starting material.[29]  
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Scheme 3.2. Synthesis of 6. 
 
DFT computations indicate that gas-phase reactions leading to the contact ion pair 6 are exothermic 
by -215 and -200 kJmol-1 for the reactions 1 and 2, respectively: 
 
In the 11B{1H} and 31P{1H} NMR spectra of 6 an accurate assignment of the signals is not possible 
because of their broadness and the very complex spin system leading to a superimposed coupling 
pattern. In the ESI mass spectrum, the molecular ion peak for both the anion [P5B5H19]- (negative mode) 
and the cation [NHCdipp-BH2-PH2-BH2-NHCdipp]+ (positive mode) was observed. 
The solid-state structure of 6 shows a cation featuring a B-P-B unit that is stabilized by two NHC ligands 
(Figure 3.3). The anion is a n-butylcyclohexane-like unit built up from alternating BH2 and PH2 units. 
The cationic part of 6 reveals P-B bond lengths of 1.929(2) and 1.947(2) Å. Similar B-P bond lengths 
have been found in the anion of 6 (exocyclic part: 1.927(3) – 1.964(3) Å and within the ring 
1.930(3) – 1.952(2) Å). For the neutral cyclic aminoborane tetramer, 
B-(cyclotriborazanyl)amineborane a related structural motif was recently reported.[30] In contrast to 6 
this compound has a NH2-BH3 moiety, which is connected to an endocyclic B atom. 
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Figure 3.3. Molecular structure of 6 in the solid state. Thermal ellipsoids are set at 50% probability. The hydrogen 
atoms at the carbon atoms and the dipp groups on the carbenes are omitted for clarity. 
 
3.3 Conclusion 
 
The results show that the parent pnictogenylboranes 1a and 1b are valuable starting materials for the 
generation of mixed anionic Group 13/15 chain compounds. For the first time a rational synthetic 
approach was achieved for 3- and 5-membered chain compounds, which could be structurally 
characterized as unprecedented linear, anionic compounds. Furthermore the first examples of parent 
compounds of anionic arsanylboranes have synthesized. These unique Group 13/15 compounds 
represent the anionic counterparts of the recently reported cationic species.[13] In comparison to them 
the compounds 2-6 are distinctly more sensitive, but stable under inert conditions. They represent 
promising starting materials for the preparation of extended mixed Group 13/15 element chain 
compounds, cycles and polymers. 
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3.5 Supporting Information 
3.5.1 Synthetic Procedures 
 
All manipulations were performed under an atmosphere of dry argon using standard glovebox and 
Schlenk techniques. All solvents are degassed and purified by standard procedures. The compounds 
H2E-BH2-NMe3 (E = P, As),[1] ClBH2-NMe3,[2] NaPH2,[3] KAsH2,[4] and NHCdipp[5] were prepared according 
to literature procedures. 
The NMR spectra were recorded on either an Avance 400 spectrometer (1H: 400.13 MHz, 
31P: 161.976 MHz, 11B: 128.378 MHz, 13C{1H}: 100.623 MHz) with δ [ppm] referenced to external SiMe4 
(1H, 13C), H3PO4 (31P), BF3·Et2O (11B). 
IR spectra were recorded on a DIGILAB (FTS 800) FT-IR spectrometer. All mass spectra were recorded 
on a ThermoQuest Finnigan TSQ 7000 (ESI-MS) or a Finnigan MAT 95 (FDMS and EI-MS). 
The C, H, N analyses were measured on an Elementar Vario EL III apparatus. 
General remarks for C, H, N analyses: C, H, N analyses were carried out repeatedly. Different amounts 
of coordinating THF have been found in nearly all cases. Total removal of the THF was not always 
possible, however C, H, N analyses are in good agreement with the expected values considering a 
varying THF content (0.2 % tolerance). 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-PH2] (2(thf)2):  
A solution of 53 mg (0.50 mmol) H2P-BH2-NMe3 in 1 mL toluene is added to a suspension of 30 mg 
(0.53 mmol) NaPH2 in 20 ml THF. After sonication of the mixture for 2.5 h, the solution is filtrated onto 
132 mg (0.5 mmol) solid C12H24O6 (18-crown-6). The solution is layered with 60 mL of n-hexane. 2(thf)2 
crystallizes at 4 °C as colourless blocks. The crystals are separated and washed with cold n-hexane 
(0 °C, 3 × 5 mL). 
Yield of [Na(C12H24O6)][H2P-BH2-PH2] (2): 103 mg (56 %).  
1H NMR (THF-d8, 25 °C): δ = 0.93 (d, 1JH,P = 172 Hz, 4H, PH2), 1.09 (qt, 1JH,B = 99 Hz, 2H, BH2),  
3.64 (s, 24H, C12H24O6).  
31P NMR (THF-d8, 25 °C): δ = -175.0 (tm, 1JH,P = 172 Hz, br, PH2).  
31P{1H} NMR (THF-d8, 25 °C): δ = -175.0 (q, 1JB,P = 26 Hz, PH2).  
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11B NMR (THF-d8, 25 °C): δ = -34.7 (tt, 1JB,P = 26 Hz, 1JB,H = 99 Hz, BH2).  
11B{1H} NMR (THF-d8, 25 °C): δ = -34.7 (t, 1JB,P = 26 Hz, BH2).  
13C NMR (THF-d8, 25 °C): δ = 70.6 (s, C12H24O6). 
IR (KBr): ṽ = 2900 (vs, CH), 2870 (s, CH), 2825 (m), 2796 (m), 2747 (w), 2747 (w), 2712 (w), 2690 (w), 
2326 (s, br, BH), 2311 (s, br, BH), 2270 (s, PH), 2253 (s, PH), 2141 (w), 1979 (w), 1931 (w), 1887 (w), 
1839 (vw), 1471 (m), 1455 (m), 1435 (w), 1410 (vw), 1352 (s), 1283 (m), 1250 (m), 1237 (m),  
1109 (vs, CO), 1075 (m), 1058 (w), 966 (vs), 841 (m), 765 (w), 711 (w), 652 (w), 531 (w).  
ESI-MS (THF) anion: m/z = 79 (100 %, [H2P-BH2-PH2]-).  
ESI-MS (THF) cation: m/z = 287 (100 %, [Na(C12H24O6)]+), 653 (8% ([Na(C12H24O6)]+)2[H2P-BH2-PH2]-).  
Elemental analysis (%) calculated for C12H30BNaO6P2 (2): C: 39.32, H: 8.26; found: C: 39.30, H: 8.40. 
 
Synthesis of [K(C12O6H24)][H2As-BH2-AsH2] (3):  
A solution of 298 mg (2.0 mmol) H2As-BH2-NMe3 in 2 mL toluene is added to a suspension of 254 mg 
(2.2 mmol) KAsH2 in 20 ml THF. After sonication of the mixture for 8 h, the solution is filtrated onto 
530 mg (2.0 mmol) solid C12O6H24 (18-crown-6). The solution is layered with 60 mL of toluene. 3 
crystallizes at 3 °C as colourless blocks. The crystals are separated and washed with cold toluene 
(-30 °C, 2 x 5 mL). 
Yield of [K(C12O6H24)][H2As-BH2-AsH2]: 685 mg (73%). 
1H NMR (THF-d8, 25 °C): δ = 0.15 (s, 4H, AsH2), 1.48 (q, 1JH,B = 106 Hz, 2H, BH2), 3.64 (s, C12O6H24).  
11B NMR (THF-d8, 25 °C): δ = -34.5 (t, 1JB,H =106 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -34.5 (s, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 72.0 (s, C12O6H24). 
IR (KBr): ṽ = 2899 (m, CH), 2825 (vw), 2352 (m, BH), 2044 (m, AsH), 1632 (vw), 1471 (w), 1351 (m),  
1284 (vw), 1251 (w), 1106 (vs, CO), 962 (s), 839 (w), 689 (vw), 590 (vw), 526 (vw).  
ESI-MS (THF) anion: m/z = 166.6 (100%, [H2As-BH2-AsH2]-), 88.7 (20%, [H2As-BH]-), 76.7 (6%, [H2As]-). 
Elemental analysis (%) calculated for C12H30O6As2BK (3): C: 30.65, H: 6.43; found: C: 30.93, H: 6.23. 
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Synthesis of [Na(C12O6H24)(thf)2][H2P-BH2-AsH2] (4(thf)2):  
A solution of 97 mg (0.65 mmol) H2As-BH2-NMe3 in 0.65 mL toluene is added to a suspension of 33 mg 
(0.5 mmol) NaPH2 in 15 mL THF. After sonication of the mixture for 1 h, the crude product is 
precipitated in cold n-hexane (-30 °C) and washed with cold n-hexane (-30 °C, 2 x 5 mL). The 
supernatant is decanted off and the residue is solved in 20 mL of a 1:1 mixture of THF/toluene and 
filtrated on 121 mg (0.45 mmol) C12O6H24 (18-crown-6). The solution is layered with 60 mL of n-hexane. 
4(thf)2 crystallizes at -30 °C as pale brown blocks. The crystals are separated and washed with cold 
n-hexane (-30 °C, 2 x 5 mL). 
Yield of [Na(C12O6H24)][H2P-BH2-AsH2] (4): 156 mg (76%). 
1H NMR (THF-d8, 25°C): δ = -0.04 (s, br, 2H, AsH2), 1.12 (d, 1JH,P = 173 Hz, 2H, PH2), 1.29 (q, 1JH,B = 102 Hz, 
2H, BH2), 3.64 (s, C12O6H24).  
31P NMR (THF-d8, 25°C): δ = -174.8 (tm, 1JP,H = 173 Hz, PH2).  
31P{1H} NMR (THF-d8, 25°C): δ = -174.8 (q, 1JP,B = 27 Hz, PH2). 
11B NMR (THF-d8, 25°C): δ = -34.4 (td, 1JB,P = 27 Hz, 1JB,H = 102 Hz, BH2). 
11B{1H} NMR (THF-d8, 25°C): δ = -34.4 (d, 1JB,P = 27 Hz, BH2). 
13C{1H} NMR (THF-d8, 25°C): δ = 69.7 (s, C12O6H24). 
IR (KBr): ṽ = 2900 (s, CH), 2825 (w, CH), 2796 (vw, CH), 2746 (vw, CH), 2712 (vw, CH), 2690 (vw, CH), 
2343 (s, BH), 2324 (s, BH), 2248 (m, PH), 2052 (m, AsH), 1627 (vw), 1472 (m), 1454 (w), 1434 (vw),  
1351 (s), 1283 (w), 1251 (m), 1107 (vs, CO), 1058 (w), 964 (s), 838 (m), 803 (vw), 744 (vw), 609 (vw), 
527 (vw). 
ESI-MS (THF) anion: m/z = 122.8 (100%, [H2P-BH2-AsH2]-), 168.8 (32%, [H2P-BH2-AsH2-BH2-PH2]-).  
Elemental analysis (%) calculated for C12H30O6AsBNaP (4): C: 35.15, H: 7.37; found: C: 35.16, H: 7.22. 
 
Synthesis of [Na(C12O6H24)(thf)2][H2As-BH2-PH2-BH2-AsH2] (5(thf)2):  
A solution of 626 mg (4.2 mmol) H2As-BH2-NMe3 in 4 mL toluene is added to a suspension of 110 mg 
(2.0 mmol) NaPH2 in 20 ml THF. After sonication of the mixture for 7.5 h, the solution is filtrated onto 
502 mg (1.9 mmol) solid C12O6H24 (18-crown-6). The solution is layered with 60 mL of n-hexane. (5(thf)2) 
crystallizes at -30 °C as colourless blocks. The crystals are separated and washed with cold n-hexane 
(-30 °C, 2 x 5 mL). 
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Yield of [Na(C12O6H24)(thf)0.45][H2As-BH2-PH2-BH2-AsH2] (5(thf)0.45): 844 mg (83%). 
1H NMR (THF-d8, 25 °C): δ = -0.02 (m, 4H, AsH2), 1.13 (q, 1JH,B = 105 Hz, 4H, BH2), 3.60 (dm, 1JH,P = 307 Hz, 
2H, PH2), 3.62 (s, C12O6H24). 
31P NMR (THF-d8, 25 °C): δ = -56.0 (tm, 1JP,H = 307 Hz, PH2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -56.0 (h, 1JP,B = 58 Hz, PH2). 
11B NMR (THFd8, 25°C): δ = -37.4 (td, 1JB,H =105 Hz, 1JB,P = 58 Hz, BH2). 
11B{1H} NMR (THF-d8, 25°C): δ = -37.4 (d, 1JB,P = 58 Hz, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 70.6 (s, C12O6H24). 
IR (KBr): = 2946 (m), 2901 (s, CH), 2862 (s), 2828 (s), 2797 (m), 2748 (w), 2714 (w), 2691 (vw),  
2380 (s, BH), 2355 (s, BH), 2331 (s, BH), 2220 (w, PH), 2087 (s, AsH), 2052 (s, AsH), 1981 (w), 1930 (vw), 
1795 (vw), 1617 (vw), 1472 (s), 1452 (m), 1435 (w), 1352 (vs), 1284 (m), 1248 (s), 1236 (m),  
1109 (vs, CO), 965 (vs), 908 (s), 837 (s), 810 (m), 762 (w), 659 (w), 618 (vw), 570 (vw), 531 (w), 489 (vw). 
ESI-MS (THF) anion: m/z = 212.7 (100%, [H2As-BH2-PH2-BH2-AsH2]-), 122.8 (40%, [H2As-BH-PH2]-). 
Elemental analysis (%) calculated for C12H34As2B2NaO6P(thf)0.45 (5(thf)0.45): C: 31.14, H: 7.12; found:  
C: 31.48, H: 6.81. 
 
Reaction of NHCdipp with H2P-BH2-NMe3 in the presence of ClBH2-NMe3: 
To a solution of 400 mg NHCdipp (1.03 mmol) in 20 ml toluene, a solution of 105 mg (1 mmol) 
H2P-BH2-NMe3 in 10 mL toluene is added drop wise at room temperature. After the mixture was stirred 
for 30 min, it is refluxed for further 3 h. After cooling to room temperature the solution is layered with 
n-pentane. Colourless needles of [NHCdipp-BH2-PH2-BH2-NHCdipp]+[B5P5H19]- (6) can be obtained by 
storing the solution for 4 months. 
Yield of 6: 30 mg (20%); 
31P NMR (CD3CN, 25 °C): δ = -125.0 (t, br, cation). 
31P{1H} NMR (CD3CN, 25 °C): δ = -125.0 (s, br, cation). 
In the 11B{1H} and 31P{1H} NMR spectra many broad and overlapping signals are observed. An accurate 
assignment of the signals is not possible due to the broadness of the signals and the very complex spin 
system leading to sophisticated coupling pattern. 
ESI-MS (CH3CN) cation: m/z = 835.6 (100%, [NHCdipp-BH2-PH2-BH2-NHCdipp]+).  
ESI-MS (CH3CN) anion: m/z = 227.9 (100%, [B5P5H19]-). 
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3.5.2 X-ray Diffraction Analysis 
 
The X-ray diffraction experiments were performed on either a SuperNova diffractometer with Atlas 
CCD detector (2(thf)2, 6) or a GV50 diffractometer with TitanS2 detector (3, 4(thf)2, 5(thf)2) from Rigaku 
Oxford Diffraction (formerly Agilent Technologies) applying Cu-Kα radiation (λ = 1.54178 Å) or Cu-Kβ 
radiation (λ = 1.39222 Å) in the case of 4(thf)2. The measurements were performed at 123 K. 
Crystallographic data together with the details of the experiments are given in the  
Table S 3.1 - Table S 3.3 (see below).  
Absorption corrections were applied semi-empirically from equivalent reflections or analytically 
(SCALE3/ABSPACK algorithm implemented in CrysAlisPro software by Rigaku Oxford Diffraction).[6] 
All structures were solved using SIR97[7],SHELXT[8] and OLEX.[9c] Least square refinements against F2 in 
anisotropic approximation were done using SHELXL.[8] The hydrogen positions of the methyl groups 
were located geometrically and refined riding on the carbon atoms. Hydrogen atoms belonging to BH2, 
PH2 and AsH2 groups were located from the difference Fourier map and refined without constraints  
(3, 6) or with restrained E-H distances (2(thf)2, 4(thf)2, 5(thf)2). 4(thf)2 was processed with Cu-Kβ 
radiation (λ = 1.39222 Å) for reason of more available data and better resolution to allow the 
refinement of the very minor disordered structure, which further required positional and displacement 
parameter restraints. 
Figures were created with OLEX.[9]  
CCDC-1501380 (2), CCDC-1501381 (3), CCDC-1501382 (4), CCDC-1501383 (5), and CCDC-1501384 (6) 
contain the supplementary crystallographic data for this paper. These data can be obtained free of 
charge at www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data 
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: + 44-1223-336-033; e-mail: 
deposit@ccdc.cam.ac.uk). 
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3.5.3. Solid State Structures 
 
[Na(C12H24O6)(thf)2][H2P-BH2-PH2] (2(thf)2): 
 
2(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at 4 °C as colourless 
blocks in the monoclinic space group P2/c. Figure S 3.1 shows the structure of 2(thf)2 in the solid state. 
Rotational disorder of H atoms on the P atoms results in a mixture of different conformers. 
 
 
Figure S 3.1. Top: Molecular structure of 2(thf)2 in the solid state. Selected bond lengths [Å] and angles [°]: P1-B: 
1.960(3), P2-B: 1.963(3), ∠(P1-B-P2): 110.4(1). Bottom: different possible conformers of the cationic part of 
2(thf)2. 
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[K(C12H24O6)][H2As-BH2-AsH2] (3): 
 
3 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at 3 °C as colourless 
blocks in the triclinic space group P1. Figure S 3.2 shows the structure of 3 in the solid state. Disorder 
of AsH2 atoms results in a mixture of different conformers. Direct contact of anion and cation leads to 
a 1D polymeric structure in the solid state. 
 
 
Figure S 3.2. Molecular structure of 3 in the solid state. Selected bond lengths [Å] and angles [°]: As-B: 
2.062(2) – 2.126(2), ∠(A-B-As): 109.47(2) – 110.99(2). 
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[Na(C12H24O6)(thf)2][H2P-BH2-AsH2] (4)(thf)2): 
 
4(thf)2 crystallizes from a THF/n-hexane mixture at -28 °C as brown blocks in the triclinic space group 
P1 . Figure S 3.3 shows the structure of 4(thf)2 in the solid state. 
 
 
Figure S 3.3. Molecular structure of 4(thf)2 in the solid state. Selected bond lengths [Å] and angles [°]: P-B: 
1.975(4), As-B: 2.050(2), ∠(P-B-As): 112.4(2). Top: highly disordered solid state structure of 4(thf)2; bottom, left: 
4 independent anions middle: each position of the anions show superimposed anions with inverted P/As 
positions, right: highest occupied anion (81.2 %) used for discussion of values and conformation. 
 
  
Anionic Chains of Parent Pnictogenylboranes || 33 
 
[Na(C12H24O6)(thf)2][H2As-BH2-H2P-BH2-AsH2] (5)(thf)2): 
 
5(thf)2 crystallizes from a THF/n-hexane mixture at -28 °C as colourless plates in the monoclinic space 
group C2/c. Figure S 3.4 shows the structure of 5(thf)2 in the solid state. 
 
 
Figure S 3.4. Molecular structure of 5(thf)2 in the solid state. Selected bond lengths [Å] and angles [°]: As-B: 
2.081(3), P-B: 1.947(3), ∠(As-B-P): 110.2(2), ∠(B-P-B): 122.9(2). 
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[NHCdipp-BH2-PH2-BH2-NHCdipp][B5P5H19] (6): 
 
6 crystallizes from a toluene solution layered n-hexane at room temperature as colourless blocks in 
the triclinic space group P1. Figure S 3.5 and Figure S 3.6 show the structure of 6 in the solid state. 
 
 
Figure S 3.5. Molecular structure of the anion of 6 in the solid state. Selected bond lengths [Å] and angles[°]: 
P2-B4: 1.939(3), P2-B5: 1.928(3), P3-B4: 1.948(3), P3-B3: 1.952(3), P3-B2: 1.941(3), P4-B5: 1.964(3), P5-B1: 
1.941(3), P5-B3: 1.945(2), P6-B1: 1.930(3), P6-B2: 1.930(3), ∠(B4-P2-B5): 119.05(13), ∠(B2-P3-B3): 112.18(12), 
∠(B2-P3-B4) 114.49(13), ∠(B3-P3-B4): 111.25(12), ∠(B1-P5-B3): 117.74(12), ∠(B1-P6-B2): 118.64(13), 
∠(P5-B1-P6): 106.96(16), ∠(P3-B2-P69: 107.75(12), ∠(P3-B3-P5): 106.66(11), ∠(P2-B4-P3): 108.94(15), 
∠(P2-B5-P4): 114.65(16). 
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Figure S 3.6. Molecular structure of the cation of 6 in the solid state. Selected bond lengths [Å] and angles [°]: 
P1-B6: 1.948(2), P1-B7: 1.929(2), C2-B7: 1.589(3), C9-B6: 1.592(3), ∠(B6-P1-B7): 104.03(10), ∠(P1-B6-C9): 
118.41(14), ∠(P1-B7-C2): 124.65(15). 
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3.5.4 Crystallographic Information 
 
Table S 3.1. Crystallographic data for compounds 2(thf)2 and 3. 
 2(thf)2 3 
Emipirical formula C20H46BNaO8P2 C12H30As2BKO6 
Formula weight M 510.31 g/mol 470.11 g/mol 
Crystal colourless block colourless block 
Crystal size [mm³] 0.24 x 0.12 x 0.11 0.53 x 0.33 x 0.22 
Temperature T 123(1) K 123(1) K 
Cristal system monoclinic triclinic 
Space group P2/c P1̅ 
Unit cell dimensions a = 11.0550(3) Å a = 8.73491(20) Å 
 b = 13.4206(3) Å b = 9.3238(2) Å 
 c = 19.7417(5) Å c = 12.9306(3) Å 
 α = 90° α = 82.2216(19)° 
 β = 102.592(2)° β = 89.2853(18)° 
 γ = 90° γ = 80.7236(19)° 
Volume V  2858.52(13) Å3 1029.72(4) Å3 
Formula units Z 4 2 
Absorption coefficient µCu-Kα 1.847 mm-1 6.010 mm-1 
Density (calculated) ρcalc  1.186 g/cm3 1.516 g/cm3 
F(000) 1104 480 
Theta range θmin / θmax 4.01 / 67.08° 3.45 / 73.80° 
Absorption correction gaussian Gaussian 
Index ranges -12 < h < 12 -10 < h < 10 
 -15 < k < 16 -11 < k < 11 
 -23 < l < 23 -16 < l < 16 
Reflections collected 31100 19920 
Independent reflections [I > 2σ(I)] 3927 (Rint = 0.0554) 4077 (Rint = 0.0375) 
Completeness to full θ 0.986 1.000 
Transmission Tmin / Tmax  0.740 / 0.852 0.161 / 0.414 
Data / restraints / parameters 5036 / 15 / 320 4149 / 0 / 344 
Goodness-of-fit on F² S 1.037 1.106 
Final R-values [I > 2σ(I)] R1 = 0.04858  R1 = 0.0288 
 wR2 = 0.1085 wR2 = 0.0765 
Final R-values (all data)  R1 = 0.0630 R1 = 0.0292 
 wR2 = 0.1118 wR2 = 0.0769 
Largest difference hole -0.36 -0.48 
and peak Δρ 0.42 eÅ-3 0.39 eÅ-3 
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Table S 3.2. Crystallographic data for compounds 4(thf)2 and 5(thf)2. 
 4(thf)2 5(thf)2 
Emipirical formula C20H24AsBNaO8P C20H50As2B2NaO8P 
Formula weight M 554.26 g/mol 6.44.02 g/mol 
Crystal brown block colourless block 
Crystal size [mm³] 0.22 x 0.15 x 0.12 0.26 x 0.24 x 0.14 
Temperature T 123(1) K 123(1)K 
Cristal system tricilinc monoclinic 
Space group P1̅ C2/c 
Unit cell dimensions a = 12.84130(19) Å a = 17.5090(7) Å 
 b = 21.2345(3) Å b = 10.5819(3) Å 
 c = 23.0230(3) Å c = 18.5776(11) Å 
 α = 70.6062(14)° α = 90° 
 β = 78.7402(13)° β = 113.297(6)° 
 γ = 76.7539(13)° γ = 90° 
Volume V  5715.36(16) Å3 3161.4(3) Å3 
Formula units Z 8 4 
Absorption coefficient µCu-Kα 1.288 mm-1 3.536 mm-1 
Density (calculated) ρcalc  1.948 g/cm3 1.353 g/cm3 
F(000) 2352 1244 
Theta range θmin / θmax / θfull 3.87 / 74.27° 5.00 /  73.82° 
Absorption correction multi-scan gaussian 
Index ranges -17 < h < 15 -21 < h < 15 
 -29 < k < 26 -8 < k < 12 
 -31 < l < 29 -22 < l < 23 
Reflections collected 70208 4909 
Independent reflections [I > 2σ(I)] 24111 (Rint = 0.0455) 2694 (Rint = 0.0128) 
Completeness to full θ 0.994 0.983 
Transmission Tmin / Tmax  0.787 / 1.000 0.532 / 0.698 
Data / restraints / parameters 30676 / 1286 / 1677 3023 / 5 / 176 
Goodness-of-fit on F² S 1.025 1.044 
Final R-values [I > 2σ(I)] R1 = 0.0568 R1 = 0.0347 
 wR2 = 0.1539 wR2 = 0.0959 
Final R-values (all data)  R1 = 0.0709 R1 = 0.0384 
 wR2 = 0.1684 wR2 = 0.0990 
Largest difference hole -0.80 -0.89 
and peak Δρ 1.02 eÅ-3 0.58 eÅ-3 
 
  
38 || Anionic Chains of Parent Pnictogenylboranes  
Table S 3.3. Crystallographic data for compound 6. 
 6  
Emipirical formula C54H97B7N4P6  
Formula weight M 1063.84 g/mol  
Crystal colourless block  
Crystal size [mm³] 0.23 x 0.20 x 0.18  
Temperature T 123(1) K  
Cristal system tricilinc  
Space group P1̅  
Unit cell dimensions a = 10.7534(4) Å  
 b = 16.4085(4) Å  
 c = 19.562(5) Å  
 α = 81.297(2)°  
 β = 75.959(2)°  
 γ = 89.987(2)°  
Volume V  3307.68(15) Å3  
Formula units Z 2  
Absorption coefficient µCu-Kα 1.764 mm-1  
Density (calculated) ρcalc  1.068 g/cm3  
F(000) 1148  
Theta range θmin / θmax / θfull 3.32 / 70.78°  
Absorption correction analytical  
Index ranges -12 < h < 13  
 -19 < k < 16  
 -23 < l < 23  
Reflections collected 24139  
Independent reflections [I > 2σ(I)] 9745 (Rint = 0.0255)  
Completeness to full θ 0987  
Transmission Tmin / Tmax  0.751 / 0.930  
Data / restraints / parameters 12250 / 0 / 756  
Goodness-of-fit on F² S 1.068  
Final R-values [I > 2σ(I)] R1 = 0.0461  
 wR2 = 0.1310  
Final R-values (all data)  R1 = 0.0572  
 wR2 = 0.1364  
Largest difference hole -0.456  
and peak Δρ 0.878 eÅ-3  
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3.5.5 NMR Spectroscopy 
 
[Na(C12H24O6)(thf)2][H2P-BH2-PH2] (2(thf)2): 
 
Figure S 3.7. 11B{1H} (bottom) and 11B NMR spectrum (top) of 2 in THF-d8. 
 
Figure S 3.8. 31P{1H} (bottom) and 31P NMR spectrum (top) of 2 in THF-d8. 
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Figure S 3.9. 1H NMR spectrum of 2 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{11B}, 1H{31P} NMR (from bottom to top) of the anion. 
 
[K(C12H24O6)][H2As-BH2-AsH2] (3): 
 
Figure S 3.10. 11B{1H} (bottom) and 11B NMR spectrum (top) of 3 in THF-d8. 
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Figure S 3.11. 1H NMR spectrum of 3 in THF-d8. * = solvent (THF-d8). 
 
[Na(C12H24O6)(thf)2][H2P-BH2-AsH2] (4(thf)2): 
 
Figure S 3.12. 11B{1H} of the reactions: 
H2As-BH2-NMe3 (exc.) + NaPH2 (top) after 1h sonication, H2P-BH2-NMe3 + KAsH2 after 30h sonication (middle), 
H2P-BH2-NMe3 + KAsH2 after 6h sonication (bottom); * = H2P-BH2-NMe3; ** = 4; *** = 5; + = 2.  
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Figure S 3.13. 11B{1H} (bottom) and 11B NMR spectrum (top) of 4 in THF-d8. * = 5. 
 
Figure S 3.14. 31P{1H} (bottom) and 31P NMR spectrum (top) of 4 in THF-d8. 
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Figure S 3.15. 1H NMR spectrum of 4 in THF-d8. * = solvent (THF-d8). ** = silicon grease. 
 
[Na(C12H24O6)(thf)2][H2As-BH2-PH2-BH2-AsH2] (5(thf)2): 
 
Figure S 3.16. 11B{1H} (bottom) and 11B NMR spectrum (top) of 5 in THF-d8. * = 2. 
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Figure S 3.17. 31P{1H} (bottom) and 31P NMR spectrum (top) of 5 in THF-d8. * = 2. 
 
Figure S 3.18. 1H NMR spectrum of 5 in THF-d8. * = solvent (THF-d8). 
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3.5.6 Computational Details 
 
All calculations have been performed with the TURBOMOLE program package[10] at the 
B3LYP[11]/def2-TZVP[12] level of theory. The solvent effects were incorporated via the Conductor-like 
Screening Model (COSMO)[13] using the dielectric constant of THF (ε = 7.250). The natural population 
analysis[14] was performed as implemented in TURBOMOLE. Computations for the reactions leading to 
6 have been performed at B3LYP/def2-TZVP level of theory using Gaussian[15] program package. 
 
 
Figure S 3.19. Energy profile of the reaction of 1a,b with P and As centered nucleophiles. Relative energies 
calculated at the B3LYP/def2-TZVP level (ε = 7.250). 
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Table S 3.4. Cartesian coordinates of the optimized geometry of H2P-BH2-NMe3 at the B3LYP/def2-TZVP level of 
theory. 
 
 
Energies [a.u.]: 
Total energy   = -543.0054072929 
Totoal energy + OC corr. = -543.0067895353 
 
Table S 3.5. Cartesian coordinates of the optimized geometry of [H2P-BH2-PH2]- at the B3LYP/def2-TZVP level of 
theory. 
 
 
Energies [a.u.]: 
Total energy   =  -711.1959121414 
Totoal energy + OC corr. =  -711.2050218092 
Atom x y z 
P 0.8598344 1.7155207 -1.9878152 
B 0.0158590 0.0284541 -1.4117586 
N -0.1400305 -0.2796776 0.1934342 
H 0.6817659 -0.8778866 -1.8564589 
H -1.1077114 0.0162975 -1.8587754 
C 1.1849909 -0.3413286 0.8714353 
H 1.0493517 -0.6070863 1.9206258 
H 1.7994654 -1.0907734 0.3777127 
H 1.6698004 0.6282282 0.7990155 
C -0.8044869 -1.6084432 0.3366845 
H -1.7770703 -1.5712619 -0.1477669 
H -0.1898681 -2.3646193 -0.1454302 
H -0.9256850 -1.8479085 1.3941445 
C -0.9855238 0.7438430 0.8691413 
H -1.9529993 0.7851444 0.3739725 
H -1.1181867 0.4768298 1.9183712 
H -0.5008776 1.7135249 0.7965648 
H 2.0530779 1.7746596 -1.2197323 
H 0.1882942 2.7064834 -1.2233648 
Atom x y z 
P -1.3531610 0.0547375 -1.0511612 
B -0.0404165 -0.9332243 0.0652330 
H -0.5060569 0.9208982 -1.7988087 
H -1.7693366 1.0888114 -0.1654181 
P 1.3594869 0.0836579 1.0408251 
H 0.5333975 -1.7185655 -0.6680595 
H -0.6752183 -1.5564899 0.8972437 
H 0.5948442 1.1141733 1.6574222 
H 1.8564606 0.9460013 0.0227235 
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Table S 3.6. Cartesian coordinates of the optimized geometry of [H2P-BH2-PH2-BH2-PH2]- at the B3LYP/def2-TZVP 
level of theory. 
 
 
Energies [a.u.]: 
Total energy   =  -1079.7878093563 
Totoal energy + OC corr. =  -1079.7960484021 
 
Table S 3.7. Cartesian coordinates of the optimized geometry of H2As-BH2-NMe3 at the B3LYP/def2-TZVP level of 
theory. 
Atom x y z 
P -0.4582114 1.6715006 -2.8308811 
P 0.0655525 0.0804400 0.0245575 
P 0.8644123 -1.1798490 2.9796824 
B -0.8622876 0.1009451 -1.6942667 
B -0.1815110 -1.3704415 1.3089482 
H -0.6153482 2.7431549 -1.9083593 
H 0.9628309 1.7116792 -2.7730233 
H -2.0499227 0.0896308 -1.4549133 
H -0.5317801 -0.9031136 -2.2862612 
H -0.1761902 1.3065739 0.6796908 
H 0.1552084 -2.3936576 0.7544332 
H -1.3600713 -1.3985906 1.5884731 
H 0.5821563 0.1659216 3.3451745 
H 1.4476301 0.2418979 -0.2093735 
H 2.1575322 -0.8660917 2.4761187 
Atom x y z 
As 2.8689301 1.6581475 -5.3062478 
B 1.9741318 -0.1266893 -4.6634616 
N 1.8270776 -0.4181914 -3.0619224 
H 2.6451149 -1.0260778 -5.1097831 
H 0.8527438 -0.1286195 -5.1112397 
C 3.1542262 -0.4761172 -2.3864744 
H 3.0200696 -0.7358498 -1.3356840 
H 3.7669076 -1.2288039 -2.8773892 
H 3.6389620 0.4926979 -2.4670197 
C 1.1631534 -1.7473122 -2.9065209 
H 0.1888320 -1.7138016 -3.3875941 
H 1.7767174 -2.5066018 -3.3849257 
H 1.0461310 -1.9782658 -1.8467588 
C 0.9824986 0.6085369 -2.3886363 
H 0.0130425 0.6448973 -2.8801939 
H 0.8550021 0.3468259 -1.3375278 
H 1.4653219 1.5782835 -2.4703199 
H 4.1281936 1.7047832 -4.4399848 
H 2.1509136 2.6956193 -4.4422091 
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Energies [a.u.]: 
Total energy   =  -2437.4660514505 
Totoal energy + OC corr. =  -2437.4666225610 
 
Table S 3.8. Cartesian coordinates of the optimized geometry of [H2P-BH2-AsH2]- at the B3LYP/def2-TZVP level of 
theory. 
 
 
Energies [a.u.]: 
Total energy   =  -2605.6578666880 
Totoal energy + OC corr. =  -2605.6655076554 
 
Table S 3.9. Cartesian coordinates of the optimized geometry of [H2As-BH2-AsH2]- at the B3LYP/def2-TZVP level 
of theory. 
 
 
Energies [a.u.]: 
Total energy   =  -4500.1193812501 
Totoal energy + OC corr. =  -4500.1257410262 
Atom x y z 
As -0.5065333 1.5232688 -1.0821361 
B -0.7137413 0.0473711 0.4107771 
H -1.5756287 -0.7106836 0.0157003 
H -1.0778722 0.6383312 1.4085826 
H 0.6126548 -1.9653352 1.5814004 
H 0.2319877 0.7123944 -2.1548058 
H 0.7957477 2.1921117 -0.6245849 
P 1.0162025 -0.8320963 0.8114507 
H 1.2171829 -1.6053621 -0.3663842 
Atom x y z 
As -0.5522444 1.5408292 -1.0980684 
B -0.7401190 0.0768613 0.4037264 
H -1.5774437 -0.7105815 0.0219210 
H -1.1012051 0.6621361 1.4039667 
H 0.6491147 -2.0406623 1.6598231 
H 0.2008856 0.7375150 -2.1657960 
H 0.7371001 2.2360666 -0.6428434 
As 1.1105208 -0.8228424 0.8390998 
H 1.2733909 -1.6793219 -0.4218292 
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Table S 3.10. Cartesian coordinates of the optimized geometry of [H2As-BH2-PH2-BH2-PH2]- at the B3LYP/def2-
TZVP level of theory. 
 
 
Energies [a.u.]: 
Total energy   =  -2974.2480191401 
Totoal energy + OC corr. =  -2974.2551705557 
 
Table S 3.11. Cartesian coordinates of the optimized geometry of [H2P-BH2-AsH2-BH2-PH2]- at the B3LYP/def2-
TZVP level of theory. 
 
 
Energies [a.u.]: 
Total energy   =  -2974.2363366082 
Atom x y z 
As -1.5937330 1.0473730 -2.1654197 
B -1.6742319 -0.0823280 -0.3947643 
H -2.5399469 -0.9158254 -0.5369312 
H -1.9207250 0.6735251 0.5145116 
H -0.2322608 -1.9517037 1.0196587 
H -0.9543642 0.0161430 -3.1013153 
H -0.2629165 1.7731279 -1.9647763 
P 1.5449021 0.9519553 2.1394908 
P -0.0015767 -1.0012073 -0.0011826 
B 1.6583027 -0.0704163 0.4472138 
H 2.5248562 -0.9092627 0.5666742 
H 1.9129228 0.6981200 -0.4508520 
H 0.2457099 -1.9025680 -1.0608453 
H 0.9593748 -0.0018009 3.0188855 
H 0.3336864 1.6748679 1.9696523 
Atom x y z 
P -1.6615388 1.0374382 -2.1277185 
B -1.7844162 -0.0080216 -0.4567341 
H -2.6501814 -0.8433400 -0.5731406 
H -2.0006341 0.7411946 0.4655571 
H -0.2887381 -2.0252445 1.0965986 
H -1.1107898 0.0866298 -3.0310399 
H -0.4323184 1.7299265 -1.9587139 
P 1.6951760 0.9545034 2.1395519 
As -0.0173842 -1.0161958 -0.0065382 
B 1.7827147 -0.0740577 0.4559176 
H 2.6196731 -0.9395418 0.5620964 
H 2.0243145 0.6786090 -0.4572111 
H 0.2197451 -2.0198683 -1.1223676 
H 1.1161612 0.0104842 3.0322366 
H 0.4882164 1.6874840 1.9815056 
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Totoal energy + OC corr. =  -2974.2443719177 
 
Table S 3.12. Cartesian coordinates of the optimized geometry of [H2As-BH2-AsH2-BH2-PH2]- at the B3LYP/def2-
TZVP level of theory. 
 
 
Energies [a.u.]: 
Total energy   =  -4868.6976688547 
Totoal energy + OC corr. =  -4868.7046299587 
 
Table S 3.13. Cartesian coordinates of the optimized geometry of [H2As-BH2-PH2-BH2-AsH2]- at the B3LYP/def2-
TZVP level of theory. 
Atom x y z 
P -1.6436424 1.0080491 -2.1609215 
B -1.7762361 -0.0138297 -0.4763221 
H -2.6394886 -0.8526041 -0.5868757 
H -1.9986508 0.7473743 0.4340146 
H -0.2821726 -2.0027217 1.1197018 
H -1.0867800 0.0452978 -3.0477199 
H -0.4160561 1.7037434 -1.9937892 
As 1.7216208 1.0249626 2.2017608 
As -0.0125459 -1.0176632 -0.0046765 
B 1.7896114 -0.0814541 0.4213173 
H 2.6299579 -0.9399746 0.5393032 
H 2.0233198 0.6753242 -0.4883249 
H 0.2149321 -2.0457362 -1.1009743 
H 1.0818838 -0.0117696 3.1305000 
H 0.3942468 1.7610016 2.0130063 
Atom x y z 
As -1.5846785 1.0121875 -2.2025493 
B -1.6680616 -0.0799991 -0.4087860 
H -2.5350989 -0.9148797 -0.5346245 
H -1.9123630 0.6941282 0.4848739 
H -0.2306033 -1.9270026 1.0420552 
H -0.9344745 -0.0341700 -3.1141135 
H -0.2591286 1.7500497 -2.0106842 
As 1.5846647 1.0122580 2.2024435 
P -0.0000168 -1.0001143 0.0000189 
B 1.6680488 -0.0799946 0.4087207 
H 2.5350896 -0.9148681 0.5345860 
H 1.9123267 0.6940894 -0.4849830 
H 0.2305082 -1.9272005 -1.0418664 
H 0.9348872 -0.0342655 3.1141236 
H 0.2589002 1.7497818 2.0107850 
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Energies [a.u.]: 
Total energy   =  -4868.7096139978 
Totoal energy + OC corr. =  -4868.7156455547 
 
Table S 3.14. Cartesian coordinates of the optimized geometry of [H2As-BH2-AsH2-BH2-AsH2]- at the B3LYP/def2-
TZVP level of theory. 
 
 
Energies [a.u.]: 
Total energy   =  -6763.1590226114 
Totoal energy + OC corr. =  -6763.1649054982 
  
Atom x y z 
As -1.7052797 1.0310653 -2.2230143 
B -1.7857083 -0.0505324 -0.4280993 
H -2.6402982 -0.8967930 -0.5327133 
H -2.0032180 0.7213383 0.4723950 
H -0.2350468 -2.0236336 1.1131354 
H -1.0795706 -0.0253746 -3.1390004 
H -0.3686219 1.7527889 -2.0451015 
As 1.7051254 1.0307792 2.2231449 
As 0.0000774 -1.0165172 -0.0001554 
B 1.7858713 -0.0508197 0.4282264 
H 2.6403027 -0.8972102 0.5331046 
H 2.0037550 0.7210617 -0.4721662 
H 0.2349673 -2.0234558 -1.1136388 
H 1.0789573 -0.0255092 3.1389951 
H 0.3686870 1.7528121 2.0448878 
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Table S 3.15. Cartesian coordinates of the optimized geometry of [PH2]- at the B3LYP/def2-TZVP level of theory. 
Atom x y z 
P -0.1919930 0.6301842 0.0000000 
H 1.0838485 -0.0141223 0.0000000 
H -0.8918555 -0.6160619 0.0000000 
 
Energies [a.u.]: 
Total energy   =  -342.5923938047 
Totoal energy + OC corr. =  -342.6060724616 
 
Table S 3.16. Cartesian coordinates of the optimized geometry of [AsH2]- at the B3LYP/def2-TZVP level of theory. 
Atom x y z 
As -0.2099417 0.6891014 0.0000000 
H 1.1552451 -0.0245626 0.0000000 
H -0.9453034 -0.6645388 0.0000000 
 
Energies [a.u.]: 
Total energy   =  -2237.0581667815 
Totoal energy + OC corr. =  -2237.0655375638 
 
Table S 3.17. Total Energies Eo0, sum of electronic and thermal enthalpies Ho298 (Hartree) and standard entropies 
So298 (cal·mol-1K-1) for studied compounds. B3LYP/def2-TZVP level of theory. 
Compound Eo0 Ho298 So298 
PH3 -343.1764512 -343.14869 50.196 
NMe3 -174.5440626 -174.417928 78.558 
NHCdipp -1160.441004 -1159.841643 193.535 
[NHCdippH]Cl -1621.31482 -1620.700233 206.003 
H2P-BH2-NMe3 (1) -543.2080302 -543.034204 108.485 
ClBH2-NMe3 -660.8998472 -660.743217 85.322 
[NHCdipp-BH2-PH2-BH2-NHCdipp]+ [P5B5H19]- (6) -4558.429538   
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Table S 3.18. Optimized geometries of studied compounds, xyz coordinates in angstroms. B3LYP/def2-TZVP level 
of theory. 
PH3 
Atom x y z 
P 0. 0. 0.8305114632 
H 1.1913667072 0. 1.5998279015 
H -0.5956833536 1.0317538337 1.5998279015 
H -0.5956833536 -1.0317538337 1.5998279015 
 
NMe3 
Atom x y z 
N 1.5949047982 -1.35055436 2.6588865249 
C 2.7609262991 -1.5495877419 3.4988622542 
C 1.7495033904 -1.9814513274 1.3616402316 
C 0.3740114959 -1.7693787907 3.3212952312 
H 2.6408595055 -1.5941036105 0.8643038217 
H 0.8854070682 -1.7557485639 0.7337124563 
H 1.8460526346 -3.0814411752 1.425351961 
H 3.6502162067 -1.1631222671 2.9971597732 
H 2.9419395849 -2.6135126128 3.7410536367 
H 2.6386130294 -1.0071538802 4.4383847138 
H 0.2565743877 -1.2264959239 4.2611804376 
H 0.3556932562 -2.8516584369 3.5486579716 
H -0.4872748724 -1.5441092642 2.6893641316 
 
NHCdipp 
Atom x y z 
C 0.3168121989 2.1973201627 1.0910635023 
N 1.1332241925 2.0501967135 2.2084466914 
C 0.8611717166 0.9029727387 2.9064612606 
N -0.1526435616 0.3519578231 2.1753997316 
C -0.4976163198 1.123689991 1.0683597427 
H 0.3874083824 3.0378175035 0.4242564181 
H -1.2751096114 0.8444847091 0.3794302812 
C 2.1458279403 3.018163564 2.5649724516 
C -0.8039978644 -0.8908433904 2.5009610438 
C 4.0526166243 4.9722128729 3.1188349455 
C 1.8028157012 4.0996143459 3.4024176933 
C 3.4474900678 2.8808112998 2.04026512 
C 4.3769764186 3.8825263422 2.3316999397 
C 2.7808159843 5.0653776341 3.653672293 
C 0.4781132639 4.2911638654 4.1430398562 
C 3.9840310045 1.6930670579 1.2393678776 
H 5.3792453354 3.7925161761 1.9310272757 
H 2.5296241877 5.9042575672 4.2911411428 
H 4.7902508624 5.7379957004 3.3242669111 
C -2.0919005066 -3.2757828348 3.0798910495 
54 || Anionic Chains of Parent Pnictogenylboranes  
C -0.2984955443 -2.0872829523 1.9662015258 
C -1.9404973684 -0.8704604217 3.3261406454 
C -2.5698123669 -2.084422264 3.6008285378 
C -0.9661100504 -3.2728625461 2.272609845 
C 0.936208111 -2.1347254431 1.0799946149 
C -2.4988397759 0.4108525223 3.9249707474 
H -3.4467839304 -2.0961233474 4.2354751169 
H -0.5957857653 -4.2088851915 1.8742207763 
H -2.5950013295 -4.2077817863 3.3063606389 
H 0.5609206453 5.2883607353 4.5841057669 
C 0.3437754105 3.3110326099 5.3205378322 
C -0.7928625402 4.3340190086 3.2844530648 
H 1.1910182773 3.4092994315 6.0019337319 
H 0.3130317279 2.2755182924 4.9813091797 
H -0.5683155345 3.525047402 5.8836250615 
H -0.674215933 5.0046290192 2.4306944049 
H -1.6205293197 4.7121166678 3.8892765868 
H -1.0821010667 3.356261423 2.9065047471 
H 4.9808615949 2.0129175217 0.9234212808 
C 3.242454342 1.3436054608 -0.0576779897 
C 4.1926091083 0.4588143655 2.1328559226 
H 4.8518751138 0.6963833953 2.9699380605 
H 4.6558801788 -0.3463971695 1.5568405145 
H 3.2513180357 0.0980706622 2.5477610339 
H 3.0669025331 2.2322342675 -0.6677755715 
H 2.2835751779 0.8620920347 0.1189836118 
H 3.8543412234 0.6549069064 -0.6451219241 
H -1.845058936 1.2295374783 3.6305314461 
C -2.4969916784 0.3661092279 5.4603548165 
C -3.9020990648 0.724688488 3.3831563765 
H -3.9006409587 0.8006085605 2.2941548881 
H -4.2623612655 1.6733744976 3.7873021132 
H -4.6203508041 -0.0496938177 3.6613497713 
H -1.4952710033 0.1725827409 5.8455904515 
H -3.1618189353 -0.4123234883 5.84109141 
H -2.8387951999 1.3207615142 5.8662161856 
C 2.0446016893 -2.9994857755 1.6989153374 
H 1.3296481024 -1.1231121935 1.0011748696 
C 0.5951642462 -2.6080552657 -0.341568053 
H 0.2122799121 -3.6309650753 -0.3411327259 
H 1.4858576739 -2.5864029361 -0.9734890679 
H -0.1613951904 -1.970398409 -0.802764082 
H 1.7406458636 -4.0453460192 1.7807709131 
H 2.3071443149 -2.6452366805 2.6963531825 
H 2.9424645674 -2.9635011687 1.0780599226 
 
[NHCdippH]Cl 
Atom x y z 
C -0.1907547326 2.0060937734 0.8961081732 
N 0.7060979974 2.1890952889 1.9366857115 
N -0.1768393222 0.2294647207 2.1941737186 
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C -0.7425601382 0.7820991002 1.0565200036 
H -0.3498992704 2.7583044618 0.1461782806 
H -1.477231956 0.2554839749 0.4754904544 
C 1.5104062744 3.3875494417 2.124755501 
C -0.5040860169 -1.0880984012 2.7155434869 
C 2.9659295712 5.7345624859 2.3367064532 
C 0.9782586739 4.4488560707 2.8823946985 
C 2.7746638846 3.4588968064 1.5082065399 
C 3.4757253843 4.6606196368 1.6308976393 
C 1.7375954874 5.6184649093 2.9605078509 
C -0.3060702248 4.436773711 3.7131626131 
C 3.5160856132 2.330466298 0.7893453563 
H 4.4493538879 4.7410899465 1.1643208437 
H 1.3493459825 6.4494367274 3.5357215409 
H 3.5306970727 6.655182917 2.4117872037 
C -1.2154320351 -3.5990929356 3.5945381325 
C 0.2329974345 -2.1901523182 2.2597338765 
C -1.5597001589 -1.202239018 3.6310915251 
C -1.9009839602 -2.4864291956 4.0524453082 
C -0.1549603685 -3.4486215011 2.7167917868 
C 1.4538109883 -2.0656533376 1.3636542948 
C -2.2846898415 -0.0054533757 4.2234920356 
H -2.7062932388 -2.6126579555 4.7637052333 
H 0.3948730696 -4.3216373375 2.391409586 
H -1.4955517765 -4.5864611301 3.9396446749 
H -0.4425334092 5.4830979583 3.9982890357 
C -0.1156991462 3.659087417 5.0268243257 
C -1.603218683 4.0473116388 2.992178959 
H 0.7310539693 4.0503973617 5.591470249 
H 0.076931641 2.5977297852 4.8740735193 
H -1.0099045589 3.7554484682 5.646970281 
H -1.7054549304 4.5673963661 2.0372387434 
H -2.4539208597 4.3319827828 3.6146353695 
H -1.686444763 2.9781881947 2.8085312536 
H 4.3655974746 2.8334414664 0.3202407604 
C 2.7811803752 1.6311686576 -0.3617368225 
C 4.1151309319 1.3275623129 1.7903809808 
H 4.7509834203 1.8350897219 2.516360648 
H 4.7262800983 0.5943600883 1.2589857651 
H 3.360763067 0.7880703207 2.3620423991 
H 2.3171903115 2.3506106046 -1.0399459701 
H 2.0134890296 0.9392378597 -0.0217964042 
H 3.501518804 1.0500759689 -0.9410705678 
H -1.9234916544 0.8942456395 3.7255060129 
C -1.942872821 0.1378978096 5.7169391375 
C -3.8016580216 -0.0659604464 3.9937399408 
H -4.0455989896 -0.1457196661 2.9321707916 
H -4.2769811888 0.8364948586 4.3836757031 
H -4.2518534279 -0.9197461763 4.5033869568 
H -0.8632922179 0.1824134175 5.8732286116 
H -2.332023261 -0.707659988 6.2884987491 
56 || Anionic Chains of Parent Pnictogenylboranes  
H -2.3937727518 1.047472995 6.1203215068 
C 2.7270044529 -2.4355678063 2.1446240981 
H 1.5541784159 -1.0222146849 1.0652009955 
C 1.3216629114 -2.8892995424 0.0745524395 
H 1.2627647758 -3.9587231379 0.2848619588 
H 2.1920537744 -2.7284372749 -0.5649400098 
H 0.4296298518 -2.611903736 -0.49124434 
H 2.7194664203 -3.491425068 2.4242574929 
H 2.8160529631 -1.8451948102 3.0586438491 
H 3.6110029671 -2.2616240811 1.5268498657 
C 0.699393359 1.0963271595 2.715145928 
H 1.2999203425 0.8899959713 3.6488373575 
Cl 2.1545466068 0.2002788311 5.2628946359 
 
H2P-BH2-NMe3 (1) 
Atom x y z 
H 0.2083594281 0.350599684 0.1140560667 
P 0.1168094065 1.1526399922 1.2853420265 
H -1.0560859617 0.500265053 1.7568123395 
B 1.5247985814 0.40277021 2.4374027369 
H 2.5981121773 0.6952998283 1.9687274425 
N 1.5942874705 -1.2485555526 2.6413351099 
H 1.3785388932 0.8396539357 3.5531862724 
C 2.7384724021 -1.5338008212 3.5480129446 
C 1.824620337 -1.9425042252 1.3485517778 
C 0.3500738104 -1.767970353 3.2642695903 
H 2.7332896984 -1.5507790819 0.8976793875 
H 0.9871529263 -1.7449831082 0.6853500341 
H 1.9243412077 -3.017678194 1.511917794 
H 3.6493149335 -1.1504631581 3.095508635 
H 2.8281090405 -2.609595191 3.7150187262 
H 2.5735131782 -1.023126487 4.4931807656 
H 0.1868542994 -1.2493716848 4.2059857477 
H 0.4388842053 -2.8418529094 3.4418104004 
H -0.4879701972 -1.5703809875 2.6018169562 
 
ClBH2-NMe3 
Atom x y z 
B 1.5467133738 0.4053009722 2.4169312337 
H 2.583553425 0.6865449347 1.881271928 
N 1.5942069489 -1.2292359833 2.6400915723 
H 1.3912184677 0.874394683 3.5109325019 
C 2.7566606873 -1.5102756958 3.5229916625 
C 1.7805936615 -1.9396942004 1.3462213469 
C 0.3517527805 -1.7145834644 3.2991336857 
H 2.6985559282 -1.5859784286 0.8829887194 
H 0.9427683324 -1.706838025 0.6953205761 
H 1.8393774777 -3.016031997 1.5177000267 
H 3.6615726823 -1.1478137605 3.0415717584 
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H 2.83616376 -2.5834290128 3.7048613585 
H 2.6205435418 -0.9838019107 4.464430441 
H 0.2358965055 -1.1979918568 4.2489044326 
H 0.4146952498 -2.7915764476 3.4649283983 
H -0.4965307991 -1.4800796147 2.6625270514 
Cl 0.0935950074 0.8252417974 1.3053564478 
 
[NHCdipp-BH2-PH2-BH2-NHCdipp]+ [P5B5H19]- (6) 
Atom x y z 
C 0.178133000 4.448101000 1.620246000 
N 0.043406000 3.077166000 1.554986000 
N -1.391196000 3.920157000 0.172236000 
C -0.716774000 4.977234000 0.758449000 
H 0.898176000 4.918224000 2.263707000 
H -0.931760000 5.997863000 0.501233000 
C 0.830229000 2.130754000 2.329548000 
C -2.441633000 4.135112000 -0.810730000 
C 2.151179000 0.098949000 3.669852000 
C 0.365633000 1.744390000 3.604436000 
C 2.023333000 1.619835000 1.781054000 
C 2.650103000 0.580001000 2.474513000 
C 1.043141000 0.701087000 4.239033000 
C -0.685570000 2.440796000 4.480734000 
C 2.822118000 2.159554000 0.590140000 
H 3.554651000 0.153308000 2.059817000 
H 0.693381000 0.370521000 5.209720000 
H 2.645458000 -0.722709000 4.172241000 
C -4.419100000 4.715844000 -2.654782000 
C -2.103887000 4.175761000 -2.174100000 
C -3.746224000 4.387120000 -0.351627000 
C -4.722715000 4.674987000 -1.304402000 
C -3.124991000 4.467891000 -3.078801000 
C -0.696232000 3.949933000 -2.699606000 
C -4.125852000 4.399296000 1.120883000 
H -5.735325000 4.876653000 -0.980629000 
H -2.894829000 4.505039000 -4.135033000 
H -5.192035000 4.945141000 -3.377785000 
H -1.009909000 1.665423000 5.179942000 
C -1.964576000 3.005028000 3.858560000 
C 0.001996000 3.529630000 5.328753000 
H -2.469831000 2.284455000 3.218711000 
H -1.780881000 3.913914000 3.288313000 
H -2.656670000 3.268891000 4.661331000 
H 0.861380000 3.129727000 5.867047000 
H -0.698730000 3.941102000 6.058991000 
H 0.353916000 4.354414000 4.705238000 
H 3.426455000 1.311691000 0.263467000 
C 3.807752000 3.231612000 1.096450000 
C 2.092973000 2.660353000 -0.655043000 
H 1.352302000 1.947086000 -1.008755000 
58 || Anionic Chains of Parent Pnictogenylboranes  
H 2.821708000 2.787532000 -1.455984000 
H 1.622442000 3.631057000 -0.496398000 
H 4.427605000 2.855101000 1.909960000 
H 3.278948000 4.120862000 1.450697000 
H 4.470034000 3.538155000 0.285020000 
H -3.278019000 4.026626000 1.690245000 
C -5.313144000 3.475228000 1.428325000 
C -4.411731000 5.829093000 1.610501000 
H -3.558766000 6.489236000 1.444505000 
H -4.634246000 5.828033000 2.679668000 
H -5.269548000 6.260504000 1.090440000 
H -5.125906000 2.456140000 1.087994000 
H -6.231090000 3.822730000 0.950742000 
H -5.495648000 3.445211000 2.504492000 
C -0.646586000 2.878401000 -3.798390000 
H -0.081468000 3.589710000 -1.879769000 
C -0.074302000 5.267517000 -3.193069000 
H -0.639873000 5.681607000 -4.030669000 
H 0.947773000 5.093399000 -3.532692000 
H -0.047320000 6.022306000 -2.404090000 
H -1.171109000 3.199956000 -4.700664000 
H -1.095770000 1.945500000 -3.456576000 
H 0.387573000 2.671274000 -4.078676000 
C -0.918768000 2.738880000 0.653142000 
B -1.273414000 1.278583000 0.091339000 
H -1.918057000 1.378825000 -0.916106000 
P -2.284896000 0.039449000 1.231990000 
H -0.249313000 0.680115000 -0.096456000 
B -2.061472000 -1.918500000 1.141086000 
H -3.643084000 0.414201000 1.303911000 
H -1.947480000 0.229336000 2.580683000 
H -0.882095000 -2.038516000 1.311282000 
C -2.541390000 -2.795577000 -0.106946000 
H -2.683098000 -2.267465000 2.113567000 
N -3.813930000 -2.994660000 -0.543825000 
C -3.830520000 -3.942671000 -1.552341000 
C -2.554929000 -4.339750000 -1.738151000 
N -1.771245000 -3.640436000 -0.842783000 
C -5.016827000 -2.374031000 -0.027070000 
H -4.741836000 -4.245369000 -2.033164000 
H -2.133605000 -5.060548000 -2.412919000 
C -0.325067000 -3.804506000 -0.754706000 
C -7.339896000 -1.227945000 0.934027000 
C -5.602179000 -1.321456000 -0.752603000 
C -5.593690000 -2.894481000 1.145114000 
C -6.759959000 -2.288700000 1.610264000 
C -6.771524000 -0.759741000 -0.238537000 
C -5.060101000 -0.828703000 -2.086796000 
C -5.050849000 -4.119062000 1.866932000 
H -7.227420000 -2.661926000 2.511349000 
H -7.246591000 0.053374000 -0.770654000 
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H -8.246458000 -0.774372000 1.314920000 
C 2.429940000 -3.988228000 -0.510008000 
C 0.488080000 -3.071439000 -1.641247000 
C 0.212765000 -4.705532000 0.188297000 
C 1.604762000 -4.764482000 0.283152000 
C 1.871658000 -3.171072000 -1.473416000 
C 0.061626000 -2.244961000 -2.858682000 
C -0.531488000 -5.662232000 1.130053000 
H 2.044325000 -5.441685000 1.005633000 
H 2.517064000 -2.585217000 -2.114189000 
H 3.505235000 -4.023696000 -0.396714000 
C -4.947533000 0.698718000 -2.166231000 
C -5.919048000 -1.360362000 -3.248388000 
H -4.055266000 -1.227476000 -2.214304000 
H -4.329059000 1.101464000 -1.365130000 
H -5.924126000 1.183706000 -2.118971000 
H -4.487147000 0.986705000 -3.112391000 
H -6.936065000 -0.965706000 -3.195087000 
H -5.987389000 -2.449363000 -3.241059000 
H -5.490078000 -1.057095000 -4.205342000 
C -4.972971000 -3.935559000 3.388217000 
H -4.035418000 -4.296197000 1.518687000 
C -5.884960000 -5.362854000 1.512328000 
H -6.918078000 -5.250277000 1.847984000 
H -5.468564000 -6.249031000 1.995376000 
H -5.902592000 -5.543627000 0.436155000 
H -4.401101000 -3.045647000 3.651800000 
H -4.480467000 -4.798466000 3.839869000 
H -5.962671000 -3.853439000 3.841330000 
C -1.191361000 -1.372915000 -2.768339000 
C 0.010156000 -3.137730000 -4.113075000 
H 0.892203000 -1.553885000 -3.012905000 
C -0.905102000 -5.026366000 2.477304000 
H 0.224000000 -6.417692000 1.360264000 
C -1.707729000 -6.448676000 0.539501000 
H -1.199809000 -0.766545000 -1.865121000 
H -2.111546000 -1.954585000 -2.823044000 
H -1.198547000 -0.688000000 -3.618580000 
H -0.813523000 -3.854986000 -4.067410000 
H 0.938080000 -3.695734000 -4.239510000 
H -0.134971000 -2.521721000 -5.003044000 
H -1.960037000 -7.271761000 1.211770000 
H -1.454954000 -6.882645000 -0.429764000 
H -2.607220000 -5.847455000 0.419279000 
H -0.040392000 -4.543445000 2.934115000 
H -1.264135000 -5.797759000 3.163564000 
H -1.682595000 -4.271823000 2.376725000 
H 8.702472000 1.135427000 3.320279000 
P 8.709639000 0.086712000 2.379042000 
P 7.149747000 -1.339620000 -0.008044000 
P 10.336021000 -1.203245000 0.021769000 
60 || Anionic Chains of Parent Pnictogenylboranes  
B 8.762325000 -1.270136000 -1.121676000 
B 10.410180000 0.151326000 1.424811000 
B 7.051969000 0.071818000 1.353425000 
H 7.223665000 -2.553251000 0.717339000 
H 10.585213000 -2.470590000 0.589792000 
H 8.754190000 -0.219976000 -1.714919000 
H 11.334771000 -0.033383000 2.169990000 
H 6.997867000 1.138864000 0.792756000 
H 8.723782000 -1.001158000 3.277565000 
B 5.486682000 -1.521150000 -1.035161000 
H 11.506730000 -1.083374000 -0.752037000 
H 8.830835000 -2.227325000 -1.847658000 
H 10.438951000 1.217099000 0.863740000 
H 6.126510000 -0.117299000 2.103668000 
B 3.569423000 -0.016810000 -3.336575000 
P 3.397041000 1.511315000 -4.580252000 
P 5.271077000 -0.132901000 -2.385922000 
H 3.445223000 -1.047481000 -3.958182000 
H 4.564504000 1.367650000 -5.378997000 
H 6.336998000 -0.193566000 -3.303632000 
H 4.553023000 -1.423148000 -0.275675000 
H 2.718866000 0.078808000 -2.480329000 
H 5.561906000 1.124116000 -1.815807000 
H 5.498546000 -2.577011000 -1.619847000 
H 3.961398000 2.566031000 -3.805839000 
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4 Coordination Chemistry of Anionic Pnictogenylborane 
Derivatives 
 
 
Tobias Kahoun, Michael Bodensteiner, Alexey Y. Timoshkin, Manfred Scheer. 
 
 
Abstract:  
We report on the synthesis and structural characterization of organosubstituted anionic 
pnictogenylborane derivatives as well as their coordination behavior towards trasition metal 
fragments and ions. Coordination of anionic pnictogenylborane derivatives of the type 
[M(C12H24O6)][R1HE-BH2-R1EH] (1a: E = P, R1 = H, M = Na; 2b: E = As, R1 = H, M = K; 3c: E = P, R1 = tBu, 
M = Na; 4d: E = As, R1 = tBu, M = Na)  and [Na(C12H24O6)][H2As-BH2-PH2-BH2-AsH2] (2a) towards W(CO)4 
fragments results in the formation of mononuclear cyclic compounds revealing a four membered ring 
(5: [(1a)W(CO)4]; 8: [(3c)W(CO)4]; 9: [(4d)W(CO)4]), a six membered ring (7: [(2a)W(CO)4]) as well as a 
dinuclear compound revealing an eight membered ring (6: ([(2b)W(CO)4])2). Reactions of the tert-butyl 
substituted pnictogenylboranes tBuEH-BH2-NMe3 (3: E = P; 4: E = As) with corresponding pnictogen 
based substituted nucleophiles of the type [tBuEH]- (c: E = P, d: E = As) lead to the formation of the 
symmetrical compounds [Na(C12H24O6)][tBuEH-BH2-tBuEH] (3c: E = P, 4d: E = As). The solid state 
structure of all compounds has been determind by X-ray structural analysis. Additionally, they were 
characterized by multinuclear NMR spectroscopy, mass spectrometry and IR spectroscopy. DFT 
calculations allow a deeper insight into thermodynamic parameters of the reactions.  
Reaction of the three membered anionic compound Na[H2P-BH2-PH2] (1a) with [Cu(MeCN)4][BF4] leads 
to the coordination product [Cu2Na2(H2P-BH2-PH2)4] (10) which represents a 3-dimensional scaffold 
with an adamantane-like repeating unit of Cu ions.  
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4.1 Introduction 
 
Beside the metal center ligands are an inevitable part of coordination chemistry. While in mononuclear 
complexes the variation of the metal center is limited by the stability of the oxidation state, the 
diversity of ligands is almost endless. Despite the steadily increasing amount of ligands with different 
shapes and properties many of them reveal group 15 and 16 elements as coordination sites. Especially 
compounds with multiple terminal functional groups, like amines or carboxylates, are widely used as 
units for linking metal fragments, aiming to build up three dimensional scaffolds. Such metal organic 
frameworks (MOFs) are representing porous materials. Depending on the branching, the flexibility and 
the length of the linker individual void sizes are adjustable.[1] Similar to the influence of the linkers in 
MOFs, the ligands in complexes have a crucial influences on their properties. Cutting down on only 
pnictogen containing derivatives, with greater focus on nitrogen, a variety of organic ligands is 
accessible.[2] Switching from nitrogen containing ligands to its heavier congener phosphorus, the range 
of widely used ligands shrinks to phosphines (I; Me[3], Et[4], iPr[5], tBu[6], Ph[7], Cy[8], Me/iPr[9]) or 
bis(phosphines) with phenyl substituents in most cases  (II; n = 1[10], 2[11], 3[12], 4[13]).  
 
 
For the arsenic case the AsR3 ligands can be summed up for the most part by AsPh3[14] while 
diarsinoalkanes are mainly covered by derivatives with a methylene[15] or ethyl[16] backbone. In 
comparison to the pnictogen containing compounds bearing an organic backbone, the coordination 
chemistry of all inorganic ligands is mainly dominated by polypnictogen ligands of phosphorus and 
arsenic as building units for complexes.[17] Due to the lack of linear inorganic ligands and linkers 
corresponding complexes and coordination products are barely studied. Our research group was 
recently able to synthesize the first inorganic, hydrogen substituted, anionic compounds with two 
terminal phosphine and arsine groups, respectively (III, a).[18] Here in we report on the synthesis of the 
tert-butyl substituted derivatives (III, b). Compared to their parent analogs (III, a) these compounds 
bear sterically more demanding but electron donating substitutents, with the aim to increase the 
electron density on the pnictogen atoms. 
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Due to their similarity towards bis(phosphines) (IV) their chelating coordination behavior towards a 
W(CO)4 fragment is investigated here. Further, it is investigated whether these compounds are suitable 
for linking “naked” metal atoms to obtain inorganic MOF-analogs. 
 
4.2 Results and Discussion 
 
Sonication of pnictogen nucleophiles of the type MEH2 (a: E = P, M = Na; b: E = As, M = K) with an 
equimolar amount of H2E-BH2-NMe3 (1: E = P; 2: E = As) leads to the substitution of the Lewis base 
NMe3 and the formation of [M(C12H24O6)][H2E-BH2-EH2] (1a: E = P, M = Na; 2b: E = As, M = K) after 
addition of equivalent amounts of 18-crown-6 (Scheme 4.1). Changing the stoichiometry to two 
equivalents of H2As-BH2-NMe3 (2) with one equivalent NaPH2 (a) leads to the five membered chain 
[Na(C12H24O6)][H2As-BH2-PH2-BH2-AsH2] (2a) in the presence of one equivalent of 18-crown-6  
(Scheme 4.1).[18]  
 
Scheme 4.1. Substitution of NMe3 in Lewis base stabilized pnictogenylboranes of the type R1EH-BH2-NMe3 
[E = P, As; R1 = H, tBu) by pnictogen based nucleophiles. Isolated yields are given in parentheses. 18-c-6 = 
18-crown-6 (C12H24O6). 
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According to the previously described reactions, [Na(C12H24O6)][tBuEH-BH2-tBuEH] (3c: E = P; 4d: E = As) 
is accessible by reaction of tert-butyl substituted pnictogenylboranes tBuEH-BH2-NMe3 (3: E = P; 
4: E = As) with NatBuEH (c: E = P; d: E = As) at room temperature and subsequent addition of 
18-crown-6 (Scheme 4.1).[19] Due to the extreme sensitivity towards moisture, which results in the 
protonation of the nucleophile, an excess of NaNH2 is used for the in situ synthesis of NatBuEH 
(E = P, As).  
Reactions of 1a, 2b, 2a, 3c and 4d with equivalent amounts of [W(CO)4(nbd)] (nbd = 
bicyclo[2.2.1]hepta-2,5-diene) lead to formation of the corresponding coordination products 5-9 in 
good to excellent yields (Scheme 4.2).  
 
Scheme 4.2. Reaction of 1a, 2b, 2a, 3c and 4d with [W(CO)4(nbd)] (nbd = bicyclo[2.2.1]hepta-2,5-diene). Isolated 
yields are given in parentheses. 18-c-6 = 18-crown-6 (C12H24O6). 
 
According to heteronuclear NMR spectroscopy of the crude reaction solutions, compounds 5-9 are 
accessible without the formation of side products.  The 31P NMR spectra of the isolated compounds 5, 
7 and 8 show a high-field shift in comparison to the corresponding starting material 1a, 2a and 3c 
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(Table 4.1). Due to the chirality of 8 as well as 3c, for both compounds two signals appear for the 
phosphorus atoms within the 31P NMR spectra indicating the existence of two enantiomers. Contrary 
to the 31P NMR spectra the shift in the 11B NMR spectra of compounds 5, 6, 8 and 9 is directed slightly 
to the low-field in comparison to the starting material. An exception can be observed for compound 7, 
there the 11B NMR shift is identical to the uncoordinated compound 2a (Table 4.1). Within the 11B NMR 
spectra of the dinuclear compound 6 only a broad signal can be observed, allowing no clear indication 
for the formation of a mononuclear derivative. 
Table 4.1. NMR parameter of starting material (1a, 2b, 2a, 3c, 4d)[18] and isolated coordination  
products (5, 6, 7, 8, 9). 
Cmpnd. 31P δ  
[ppm] 
11B δ  
[ppm] 
1JB,P  
[Hz] 
1JP,H  
[Hz] 
1JB,H  
[Hz] 
1a -175.0 -34.7 26 172 99 
5 -201.0 -18.8 55  96 
2b 
- 
-34.5 
- - 
106 
6 -31.1  
2a -56.0 -37.4 58 307 105 
7 -102.2 -37.4 66 328 108 
3c -44.3 -32.3 30 166 96 
8 -64.6 / -70.3 -20.6  279 / 279 97 
4d 
- 
-31.4 
- - 
104 
9 -11.1 103 
 
In the ESI-MS (anion) spectra the molecular ion peak of each compounds anion can be detected. For 
compound 6 only a signal of the dianionic species ([W(CO)4[H2As-BH2-AsH2])2 can be observed. 
The solid state structure of all products was also investigated by single crystal X-ray diffraction. Crystals 
suitable for X-ray diffraction can be obtained by layering THF solutions with n-hexane and storing 
at -28 °C. The X-ray structures of compounds 5(thf)2, 7(thf)2, 8(thf)2 and 9(thf)2 reveal mononuclear 
coordination complexes bearing a four membered (5(thf)2, 8(thf)2, 9(thf)2) and a six membered 
heterocycle (7(thf)2), respectively (Figure 4.1). Only for compound 6(thf)4 a dinuclear species can be 
observed leading to a doubly negatively charged, eight-membered ring (Figure 4.1). While in the solid 
state structure of compounds 5(thf)2, 7(thf)2, 8(thf)2 and 9(thf)2 the anionic pnictogen boron chain 
seves as chelating ligand in compound 6(thf)4 two tungsten fragments are linked by [H2As-BH2-AsH2]- 
units (Figure 4.1). Compounds 8(thf)2 and 9(thf)2 crystalize in the non-centrosymmetric space group 
P1. According to disorder observed in the solid state structure two enantiomers S,R and R,S can be 
identified.[20] For 8 as well as for 9 an enantiomeric ratio of 50:50 can be determind. In Figure 4.1 only 
the S,R isomer of both compounds is shown. Additionally each unit cell of the solid state structure of 
compounds 8 and 9 includes two ion pairs.[20]  
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Figure 4.1. Molecular structures of the anions of 5-9 in the solid state. Hydrogen atoms bonded to carbon and 
counter ions are omitted for clarity. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] 
and angles [°][20]: 5: P-B 1.957(4) – 1.982(5), P-W 2.5506(7) – 2.5531(7), P-B-P 93.0(1), P-W-P 68.08(3), W-P-B-P 
12.142; 6: As-B 2.06(1) – 2.10(2), As-W 2.594(2) – 2.666(3), As-B-As 105.013 – 105.161, As-W-As 
88.52(5) – 89.08(6); 7: As-B 2.09(3) – 2.17(4), P-B 1.95(3) – 1.99(3), As-W 2.622(3) – 2.627(4), As-B-P 
103(2) – 107(2), B-P-B 64.964, As-W-As 85.06(9), 8: P-B 1.90(1) – 1.91(1), P-C 1.81(3) – 1.85(3), P-W 
2.550(5) – 2.574(5), P-B-P 92.2(8) – 92.6(8), B-P-C 117(1) – 119(2), P-W-P 65.1(1), W-P-B-P 11.884 – 15.101; 9: 
As-B 2.05(2) – 2.07(2), As-C 1.93(5) – 2.00(5), As-W 2.672(3) – 2.685(3), As-B-As 91(1), B-As-C 114(2) – 118(2), 
As-W-As 66.3(1) – 66.5(1), W-As-B-As 9.185 – 14.812. 
 
Comparing the structural data of the free anionic chain like compounds with their coordinated analogs 
the bond length between the BH2 groups and terminal phosphine (5) and arsine (6, 7) groups, 
respectively, are quite similar (Table 4.2). In compound 7 the distance between the secondary 
phosphine group and the neighbored BH2 groups is comparable to the starting material  
(Table 4.2). Contrary to compounds 5, 6 and 7 the pnictogen boron bond of the tert-butyl substituted 
derivatives (8, 9) is slightly shortened in comparison to 3c and 4d (Table 4.2). Focusing on the angles 
between the pnictogen atoms bridged by BH2 groups a clear decrease of the values can be observed. 
For compounds 5, 8 and 9, the four membered ring motive form an E-B-E angle of around 90° while 
compounds 6 and 7 allow wider angles due to the larger ring size. The B-E-C angles of the tert-butyl 
substituents in compounds 8 and 9 are increased by approximate 10° comparing to the starting 
material 3c and 4d (Table 4.2). Concerning the B-P-B angle of compound 7 an increase from 122.9(2)° 
to 125(1)° can be observed. 
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Table 4.2. Comparison of selected bond length and angles of the starting materials 1a[18], 2b[18], 2a[18], 3c, 4d and 
compounds 5, 6, 7, 8, 9. 
Cmpnd E-B [Å] E’-B [Å] E-C [Å] E-B-E’ [°] B-E-C [°] 
E = P 
1a 
 
1.960(3) – 1.963(3) - - 
 
110.4(1) - 
5 1.957(4) – 1.982(5) 93.0(1) 
E = As 
2b 
 
2.062(2) – 2.069(2) - - 
 
109.47(2) – 110.99(2) - 
6 2.06(1) – 2.10(2) 105.012 – 105.161 
E = As, 
E’ = P 
2a 
 
 
2.081(3) 
 
1.947(3) 
- 
 
 
110.2(2) 
- 
7 2.09(3) – 2.17(4) 1.95(3) – 1.99(3) 103(2) – 107(2) 
E = P 
3c 
 
1.943(4) – 1.973(9) - 
 
1.85(1) – 1.867(6) 
 
106.8(3) – 109.7(4) 
 
108.1(2) – 108.8(2) 
8 1.90(1) – 1.91(1) 1.81(3) – 1.85(3) 92.2(8) – 92.6(8) 117(1) – 119(2) 
E = As 
4d 
 
2.066(4) – 2.100(4) - 
 
1.980(4) – 2.041(3) 
 
100.9(2) – 104.6(2) 
 
103.6(1) – 105.0(2) 
9 2.05(2) – 2.07(2) 1.93(5) – 2.00(5) 91(1) 114(2) – 118(2) 
 
To rationalize the different reactivity of 1a and 2b towards [W(CO)4(nbd)] DFT calculations were 
performed. The reaction energies in the gas phase reveal that the formation of the dimer is favored by 
-27.4 kJ·mol-1 for 1a and only -6.4 kJ·mol-1 for 2b. These results suggest, that also in the reaction of 1a 
with [W(CO)4(nbd)] a dimeric complex should be expected. In the case of phosphorus the dimer would 
be the expected product. Instead, experimentally the monomeric complex 5 is formed. A closer look 
to the thermodynamic parameters shows, that the formation of 5 is entropically favored 
(5: ∆S0298 = 13.3 J·mol-1K-1; (5)2: ∆S0298 = -146.2 J·mol-1K-1) which probably determines the outcome of 
the reaction. Similarly, the entropy term for the arsenic derivative favors the building of the 
monomeric complex [(CO)4W(H2As-BH2-AsH2)]- (60.5) (60.5: 9.0 J·mol-1K-1; 6: ∆S0298 = -157.2 J·mol-1K-1). 
Very probably, the formation of 5 is kinetically controlled, while 6 represents the thermodynamic 
product of the reaction, which can be explained by the weaker As-W bonds. 
As shown by compound 6 the anionic chain like compounds can not only serve as chelating ligands but 
also as a linker between transition metal fragments. Therefore, two equivalents of 1a are reacted with 
one equivalent of [Cu(CH3CN)4][BF4]. By substitution of the acetonitrile ligands a three dimensional 
MOF-like scaffold is formed (Scheme 4.3).  
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Scheme 4.3. Reaction of [R1R2E-BH2-ER1R2]- (E = P, As; R1 = R2 = H; R1 = H, R2 = tBu) units with [Cu(CH3CN)4][BF4]. 
(*) The formation of compound 11 cannot be observed at any time, decomposition of the starting material occurs 
instead. 
 
According to the 31P NMR spectrum of the reaction mixture the conversion of 1a with [Cu(CH3CN)4][BF4] 
is quantitative. A shift of the resonance signal attributed to the PH2 groups from -175.0 ppm to -167.4 
ppm can be observed for the resulting product 10. This low field shift can be explained by the 
coordination of the lone pair, located at the terminal phosphine atom, towards the copper(I) ion 
resulting in a decreased electron density on the phosphorus atom. In the 11B NMR spectra a shift to 
higher field from -34.7 ppm to -35.4 ppm occurs.[18] In the ESI-MS (anion mode) spectrum among the 
peak of other molecular ion fragments a peak for [Cu2(H2P-BH2-PH2)3]- can be detected.[21] This 
fragment clearly indicates the linking character of the used [H2P-BH2-PH2]- between the copper ions. 
Crystals suitable for X-ray diffraction can be obtained by layering a THF solution with n-hexane and 
storing at -28 °C. The unit cell for the product 10 shows a molecular composition of 
[Cu2Na2(thf)4[H2P-BH2-PH2]4] (Scheme 4.3). Both copper ions are linked by [H2P-BH2-PH2]- units and 
tetrahedrally coordinated by PH2 groups (Figure 4.2). One [Na(thf)]+ fragment (Na2) is coordinated by 
three neighbored BH2 groups via the hydridic hydrogen atoms, while a second Na+ ion (Na1) is 
coordinated by only one BH2 group of the [H2P-BH2-PH2]- unit and three THF molecules (Figure 4.2). 
The distances between the hydrogen atoms of the borane groups and the sodium ions is between 
2.2(2) Å and 2.5(2) Å which is considerably longer than the sum of the covalent radii of Na and H 
(1.87 Å)[22] but below the sum of the van der Waals (vdW) radii (3.37 Å)[23]. The distance between the 
copper (Cu2) and the sodium atom (Na2) is found to be 3.375(2) Å. This value also exceeds the sum of 
the covalent radii of Cu and Na (2.67 Å)[23] but is below the sum of the van der Waals radii (3.7 Å) of 
both atoms.[24] 
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Figure 4.2. Environment of the copper atoms in compound 10. Hydrogen atoms bonded to carbon and 
phosphorus are omitted for clarity. Thermal ellipsoids are drawn with 50% probability, THF-molecules are drawn 
as tubes. Selected bond length [Å] and angles [°]: P-B 1.938(8) – 1.967(8), P-Cu 2.288(2) – 2.300(2), Cu2-Na 
3.375(2), H-Na 2.2(2) – 2.5(2), P-B-P 113.3(4) – 113.9(4), P-Cu-P 102.84(6) – 118.22(7). 
 
The P-B bond lengths in compound 10 are almost unchanged comparing to the starting material  
(10: 1.938(8) – 1.967(8) Å, 1a: 1.960(3) – 1.963(3) Å). However, the value of the P-B-P-angle are slightly 
wider (10: 113.3(4) – 113.9(4) Å, 1a: 110.4(1) Å).  
 
Figure 4.3. Tetrahedral coordination of the phosphorus atoms towards copper ions. Hydrogen atoms bonded to 
phosphorus are omitted for clarity. Thermal ellipsoids are drawn with 50% probability. 
 
While the phosphine groups coordinating to Cu2 are arranged in a way close to the tetrahedral angle 
of 109.47° the deviations in case of Cu1 are more significant (Figure 4.3, Table 4.3). Coordination of 
the sodium ion near Cu2 leads to a more rigid environment resulting in more uniform angle values. 
 
74 || Coordination Chemistry of Anionic Pnictogenylborane Derivatives  
Table 4.3. Bond length [Å] and angles [°] of phosphorus atoms bonded to copper ions. 
 X = 1 X = 2 
P-Cu(X) [Å] 2.288(2) – 2.298(2) 2.290(2) – 2.300(2) 
P-Cu(X)-P [°] 102.84(6) 105.80(7) 
 106.60(7) 107.121 
 107.57 107.333 
 109.73(7) 111.679 
 111.74(8) 112.266 
 118.22(7) 112.595 
 
The bond lengths between the copper atoms and the coordinating PH2 groups is overall very similar. 
With a value around 2.288(2) to 2.300(2) it is in between the range of a covalent bond (2.23 Å)[22] and 
the sum of the van der Waals radii (3.23 Å)[23,24] confirming a coordinative interaction.   
Stacking multiple elemental cells reveal a solid state structure of 10 where the Cu-atoms linked by 
[H2P-BH2-PH2]- units arrange in a three dimensional scaffold with an adamantane-like repeating unit 
comparable to a cubic diamond crystal structure (Figure 4.4). 
 
Figure 4.4. Expanded molecular structure of 10; Hydrogen atoms are omitted for clarity. Left: grown molecular 
structure of 10 in solid state, thermal ellipsoids are drawn with 50% probability, C-, O- and Na-atoms are drawn 
as wireframe, P- and B-atoms are drawn as tubes; right top: model of the adamantane-like repeating unit with 
given bond length [Å]: 7.521 (green), 6.848 (red), 6.675 (blue), 6.582 (black); right bottom: corresponding 
tetrahedral coordination centers with given values in Table 4.4. 
 
While in the diamond structure the scaffold is based on tetrahedrally linked carbon atoms with 
identical angles of 109°28’ (109.47°) and distances of 0.154 nm the determined scaffold of compound 
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10 is highly distorted.[25] Beside four unequal distances between the copper atoms (Figure 4.4) also the 
angles differ significantly (Table 4.4) in comparison to values found within the diamond structure.  
Table 4.4. Angles between Cu-atoms of the adamantane-like unit (shown in Figure 4.4 bottom right). 
 
∠ 
∠(Cu1-Cu2-Cu1) (X = A, D) [°] ∠(Cu2-Cu1-Cu2) (X = B, C) [°] 
X = A X = D X = B X = C 
1-X-2 118.805 106.303 128.413 97.555 
1-X-3 92.629 92.629 92.629 92.629 
1-X-4 104.078 130.147 113.901 118.418 
2-X-3 130.147 104.078 118.418 113.901 
2-X-4 102.284 102.284 102.284 102.284 
3-X-4 106.303 118.805 97.555 128.413 
 
The sodium atoms with coordinated THF-molecules are located inside of the voids of the scaffold but 
are not directly involved as building units of the scaffold structure.  
Expecting similar results according to the reaction of 1a with [Cu(CH3CN)4][BF4], analog reactions are 
carried out with compounds 3c and 4d. Crystallization or even isolation of the products was not 
possible due to great solubility even in n-hexane. Additionally at temperatures over -15 °C as well as 
by completely removing the solvent under reduced pressure, decomposition can be observed. 
Therefore, investigations of these reactions are restricted to multinuclear NMR spectroscopy and mass 
spectrometry. According to the 31P NMR spectrum of the reaction mixture the conversion of 3c with 
[Cu(CH3CN)4][BF4] is quantitative (Scheme 4.3). For the resulting product 12 two signals can be 
observed which are low field shifted from -44.3 ppm (3c) to -38.9 ppm and -28.2 ppm, respectively. 
The number of signals is probably caused by the two enantiomers, similar to the 31P NMR spectra of 
compound 3c and 8. In the 11B NMR spectra the broadened signal of the product is slightly high field 
shifted from -32.3 ppm (3c) to -34.9 ppm. In the ESI-MS (anion mode) spectrum a peak for a 
[Cu2(tBuPH-BH2-tBuPH)3]- fragment can be detected. The low field shift within the 31P NMR spectrum 
clearly indicates a coordination of the phosphorus atoms towards the copper ion. This assumption is 
supported by the molecular ion peak occurring in the ESI-MS spectrum, additionally proving that the 
used [tBuPH-BH2-tBuPH]- serves as a linker between Cu(I) ions.  
For a quantitative reaction of 4d with [Cu(CH3CN)4][BF4] an excess of the copper salt is necessary. 
Comparable to compound 12, in the 11B NMR spectrum of the crude reaction mixture the signal of the 
expected coordination product 13 is broadened and slightly high field shifted from -31.4 ppm 
to -32.2 ppm in comparison to the starting material 4d. Analog to compounds 10 and 12 in the ESI-MS 
spectrum a peak for a [Cu2(tBuAsH-BH2-tBuAsH)3]- fragment can be observed. However the signal of 
this fragment is decaying extremely fast what indicates a great sensitivity and instability of the 
assumed coordination compound 13. Storing the pale orange reaction solution at room temperature 
for a few hours leads to a subsequent darkening and precipitation of black solid. 
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Adding 2b to a solution of [Cu(CH3CN)4][BF4] even at -80 °C immediately turns the reaction solution 
black and no clear indication for product formation can be observed. In the ESI-MS spectrum molecular 
ion peaks of [(H2As-BH2)nAsH2]- fragments (n = 2, 3, 4) and a decaying signal of a [CuAs6B4H20]- fragment 
can be detected. 
 
4.3 Conclusion 
 
An easy synthetic approach for tert-butyl substituted anionic pnictogenylborane derivatives is 
presented here. Reacting NatBuEH with tBuEH-BH2-NMe3 leads to formation of the corresponding 
product [Na)C12H24O6)][tBuEH-BH2-tBuEH] (3c: E = P; 4d: E = As). Reactions of the obtained 
organosubstituted anionic chain like compounds (3c, 4d) as well as their hydrogen substituted 
derivatives (1a, 2b, 2a) with [W(CO)4(nbd)] lead to the corresponding coordination products 5-9 
revealing cyclic motifs. The formation of mononuclear complexes (5, 7, 8, 9) can be observed. Further 
the dinuclear species 6 is accessible revealing an eight membered heterocycle. Here the 
[H2As-BH2-AsH2]- units serve as linkers between the transition metal fragments. Reaction of 1a with 
Cu(I) ions leads to a MOF-like three dimensional scaffold including a distorted adamantan like 
repeating unit. Investigations by multinuclear NMR spectroscopy and mass spectrometry indicate 
similar reactivity for compounds 3c and 4d with Cu(I) ions while for 2b no product formation can be 
observed. The here presented results prove anionic pnictogenylborane derivatives as suitable 
reactants for coordination chemistry. In Addition to their role as chelating ligands these compounds 
prove to be viable candidates for linking transition metal fragments to build up more sophisticated 
three dimensional structures. The synthesis of other substituted derivatives as well as the investigation 
of the coordination behavior towards other transition metal ions and fragments is part of current 
investigations. 
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4.5 Experimental Section 
4.5.1 Synthetic Procedures 
 
All manipulations were performed under an atmosphere of dry argon/ nitrogen using standard 
glove-box and Schlenk techniques. All solvents were degassed and purified by standard procedures. 
The compounds [M(C12H24O6)][H2E-BH2-EH2] (E = P, M = Na; E = As, M = K)[1], 
[Na(C12H24O6)][H2As-BH2-PH2-BH2-AsH2][1], [W(CO)4(nbd)] (nbd = C7H8)[2], tBuPH2[3], tBuAsH2[4], were 
prepared according to literature procedures. Other chemicals were obtained from TCI Chemicals 
([Cu(C2H3N)4][BF4]). NatBuPH was firstly synthesised in 2015 without further characterisation.[5] 
The NMR spectra were recorded on either an Avance 400 spectrometer (3c, 4d, 5, 6, 7, 8, 9, 10, 12, 13) 
(1H: 400.13 MHz, 31P: 161.976 MHz, 11B: 128.378 MHz, 13C{1H}: 100.623 MHz) with δ [ppm] referenced 
to external SiMe4 (1H, 13C), H3PO4 (31P), BF3·Et2O (11B) or an Avance III HD 600 spectrometer (3c, 4d, 8, 9) 
(1H: 600.13 MHz).  
IR spectra were recorded on a Thermo Scientific (NICOLET iS 5, iD1 Transmission) FT-IR spectrometer 
(3c, 4d, 5, 6, 7, 8, 9) with ṽ [cm-1]. Mass spectra were recorded either on a Waters/Micromass LCT-
TOF classic (3c, 4d, 5, 6, 7, 8, 9, 10, 12, Mass Spectrometer in Working group, ESI-MS) or an Agilent  
Q-TOF 6540 UHD (13, Mass Spectrometer Department of University of Regensburg). 
The C, H, N analyses were measured on an Elementar Vario EL III apparatus (3c, 4d, 5, 6, 7, 8, 9). 
General remarks for C, H, N analyses: 
C, H, N analyses were carried out repeatedly. Different amounts of coordinating THF have been found 
in nearly all cases. Total removal of the THF was not always possible, however C, H, N analyses are in 
good agreement with the expected values considering a varying THF-content (0.5 % tolerance). 
 
Synthesis of NatBuPH: 1.2 mL (900 mg, 10.00 mmol) tBuPH2 is added to a suspension of 390 mg 
(10.00 mmol) NaNH2 in 10 mL THF at -50°C. The solution is stirred for 5 h at room temperature, until 
all NaNH2 is consumed. A clear yellow solution is obtained which is degassed three times to remove 
NH3. The solution is used as a 1 M stock solution of NatBuPH in THF.  
Yield of NatBuPH: (100%, according to 31P NMR).  
31P NMR (C6D6, 25 °C):  δ = -81.4 (dm, 1JP,H = 157 Hz, tBuPH).  
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31P{1H} NMR (C6D6, 25 °C): δ = -81.4 (s, tBuPH). 
Synthesis of NatBuAsH: 268 mg (2.00 mmol) tBuAsH2 in 2 ml toluene is added to a suspension of 78 mg 
(2.00 mmol) NaNH2 in 5 mL THF and a glas stirring bar. The solution is stirred for 16 h at room 
temperature, until all NaNH2 is consumed. A clear yellow solution is obtained which is degassed three 
times to remove NH3. The conversion is assumed to be quantitative.  
 
Synthesis of tBuAsH-BH2-NMe3 (4): A solution of 400 mg (2.00 mmol) IBH2-NMe3 in 5 ml THF is added 
to a solution of 312 mg (2.00 mmol) NatBuAsH in 5 ml THF and a glas stirring bar at -80 °C. The reaction 
mixture is stirred for 16 h and allowed to reach room temperature. All volatiles are removed in vacuo 
at -35 °C. The residue is dissolved in 4 ml n-hexane, filtrated over diatomaceous earth and dried in 
vacuo.  
Yield of tBuAsH-BH2-NMe3: 321 mg (78%). 
The NMR sample is taken from the crude product before filtration. 
1H NMR (C6D6, 25 °C): δ = 1.64 (s, 9H, C(CH3)3), 1.91 (s, 9H, N(CH3)3), 2.11 (s, 1H, AsH),  
3.01 (q, br, 1JH,B = 108 Hz, 2H, BH2). 
11B NMR (C6D6, 25 °C):  δ = -5.2 (t, 1JH,B = 108 Hz, BH2). 
11B{1H} NMR (C6D6, 25 °C): δ = -5.2 (s, BH2). 
 
Synthesis of [Na(C12H24O6)(thf)2][tBuPH-BH2-tBuPH] (3c(thf)2): 
A solution of 322 mg (2.00 mmol) tBuPH-BH2-NMe3 in 4 ml THF is added to a solution of 224 mg 
(2.00 mmol) NatBuPH and 80 mg (2.00 mmol) NaNH2 in 8 ml THF at -80 °C while using a glass coated 
stirring bar. The solution is allowed to reach room temperature and stirred for 4 d. Subsequently 
528 mg (2.00 mmol) solid C12H24O6 (18-crown-6) are added to the solution. All volatiles are removed in 
vacuo and the residue is dissolved in 6 ml toluene. After filtration the solvent is removed in vacuo and 
the remaining pale yellow solid is dissolved in THF. 3c(thf)2 crystallizes at -28 °C as pale yellow needles. 
The supernatant is decanted, the crystals are washed two times with 5 ml diethyl ether at -30 °C and 
dried in vacuo. A second fraction can be obtained by storing the concentrated supernatant at -28 °C 
again to rise the yield. 3c crystallizes from a toluene solution layered with 3-4-fold amount of pentane 
at -28 °C. 
Yield of [Na(C12H24O6)(thf)0.6][tBuPH-BH2-tBuPH] (3c(thf)0.6): 995 mg (95%). 
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1H NMR (toluene-d8, 25 °C): δ = 1.56 (m, br, 1H, BHaHb), 1.61 (m, 18H, tBu), 1.94 (m, br, 1H, BHaHb), 
2.36 (dm, 1JH,P = 202 Hz, tBuPH), 2.48 (dm, 1JH,P = 202 Hz, tBuPH), 3.32 (s, 24H, C12H24O6).  
11B NMR (toluene-d8, 25 °C): δ = -32.0 (tq, 1JB,H = 96 Hz, 1JB,P = 34 Hz, BH2). 
11B{1H} NMR (toluene-d8, 25 °C): δ = -32.0 (q, 1JB,P = 34 Hz, BH2). 
31P NMR (toluene-d8, 25 °C): δ = -48.4 (m, br, tBuPH). 
31P{1H} NMR (toluene-d8, 25 °C): δ = -48.4 (m, tBuPH). 
13C{1H} NMR (toluene-d8, 25 °C): δ = 27.2 (m, C(CH3)3), 33.8 (m, CH3), 69.5 (s, C12H24O6). 
11B NMR (thf-d8, 25 °C): δ = -32.3 (tt, 1JB,H = 96 Hz, 1JB,P = 30 Hz, BH2). 
11B{1H} NMR (thf-d8, 25 °C): δ = -32.3 (t, 1JB,P = 30 Hz, BH2). 
31P NMR (thf-d8, 25 °C): δ = -44.3 (d, br, 1JP,H = 166 Hz, tBuPH). 
31P{1H} NMR (thf-d8, 25 °C): δ = -44.3 (m, tBuPH). 
IR (KBr): ṽ = 2910 (s, CH), 2884 (s, CH), 2850 (s, CH), 2755 (vw), 2689 (vw), 2319 (w, BH), 2237 (w, PH), 
1471 (w), 1456 (w), 1352 (m), 1285 (vw), 1249 (w), 1185 (vw), 1110 (vs), 1023 (vw), 962 (m), 909 (vw), 
839 (w), 814 (w). 
ESI-MS (THF) anion: m/z = 191.1 (100%, [tBuPH-BH2-tBuPH]-), 293.2 (100 %, 
[tBuPH-BH2-tBuPH-BHs-tBuPH]-). 
Elemental analysis (%) calculated for C20H46As2BNaO6(thf)0.6 (3c(thf)0.6): C: 51.58, H: 9.81; found:  
C: 51.92, H: 9.42. 
 
Synthesis of [Na(C12H24O6)(thf)2][tBuAsH-BH2-tBuAsH] (4d(thf)2): 
A solution of 243 mg (1.56 mmol) NatBuAsH in 5 ml THF is added to a solution of 320 mg (1.56 mmol) 
tBuAsH-BH2-NMe3 in 4 ml THF at -80 °C. The solution is stirred for 16 h while allowed to reach room 
temperature. The yellow solution is filtrated on 400 mg (1.51 mmol) solid C12H24O6 (18-crown-6) and 
concentrated in vacuo. 4d(thf)2 crystallizes at -28 °C as yellow needles. The supernatant is decanted, 
the crystals are washed two times with 5 ml diethyl ether at -30 °C and dried in vacuo. A second fraction 
can be obtained by storing the concentrated supernatant at -28 °C again to rise the yield. 
Yield of [Na(C12H24O6)][tBuAsH-BH2-tBuAsH] (4d): 530 mg (62 %). 
1H NMR (toluene-d8, 25 °C): δ = 1.69 (m, 2H, tBuAsH), 1.73 (d, 4JH,H = 2 Hz, 18H, tBu),  
1.95 – 2.72 (m, BH2), 3.29 (s, 24H, C12H24O6). 
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11B NMR (toluene-d8, 25 °C): δ = -30.0 (t, 1JB,H = 104 Hz, BH2). 
11B{1H} NMR (toluene-d8, 25 °C): δ = -30.0 (s, BH2). 
13C{1H} NMR (toluene-d8, 25 °C): δ = 26.3 (d, 1JC,As = 15 Hz, C(CH3)3), 34.4 (d, 2JC,As = 2 Hz, CH3),  
69.0 (s, C12H24O6). 
11B NMR (thf-d8, 25 °C): δ = -31.4 (t, 1JB,H = 104 Hz, BH2). 
11B{1H} NMR (thf-d8, 25 °C): δ = -31.4 (s, BH2). 
IR (KBr): ṽ = 2899 (s, CH), 2875 (s, CH), 2844 (s, CH), 2746 (vw), 2689 (vw), 2388 (w, BH), 2348 (w, BH), 
2323 (w, BH), 2226 (vw), 2012 (w, AsH), 1470 (m), 1455 (m), 1352 (s), 1285 (w), 1249 (m), 1109 (vs), 
1020 (vw), 962 (m), 919 (w), 837 (w), 767 (vw), 738 (vw), 707 (vw), 684 (vw), 593 (vw), 530 (vw). 
ESI-MS (THF) anion: m/z = 279.0 (100%, [tBuAsH-BH2-tBuAsH]-), 425.0 (40 %, 
[tBuAsH-BH2-tBuAsH-BHs-tBuAsH]-). 
Elemental analysis (%) calculated for C20H46As2BNaO6 (4d): C: 42.42, H: 8.19; found: C: 42.41, H: 7.74. 
 
Synthesis of [Na(C12H24O6)(thf)2][(CO)4W(H2P-BH2-PH2)] (5(thf)2): 
A solution of 64 mg (0.17 mmol) W(CO)4(C7H8) in 8 ml THF is added drop wise to a solution of 34 mg 
(0.33 mmol) Na[H2P-BH2-PH2] in 2 ml THF. The solution is stirred for 16 h at room temperature. After 
filtration on 87 mg (0.33 mmol) solid C12H24O6 (18-crown-6) the yellow solution is layered with 30 ml 
of n-hexane. 5(thf)2 crystallizes at -28 °C as clear yellow blocks. The solvent is decanted, the crystals 
are separated, washed with cold n-hexane (0 °C, 3 x 5 ml) and dried in vacuo.  
Yield of [Na(C12H24O6)(thf)]+[(CO)4W(H2P-BH2-PH2)]- (5(thf)2): 68 mg (55%). 
1H NMR (THF-d8, 25 °C): δ = 2.25 (m, 4H, PH2), 3.47 (m, 2H, BH2), 3.62 (s, 24H, C12H24O6).  
11B NMR (THF-d8, 25 °C): δ = -18.8 (tt, 1JB,H = 96 Hz, 1JB,P = 55 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -18.8 (t, 1JB,P = 55 Hz, BH2). 
31P NMR (toluene-d8, 25 °C): δ = -201.0 (m, br, PH2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -201.0 (m, PH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 70.6 (s, C12H24O6), 207.4 (t, 2JC,P = 7 Hz, Ca≡O),  
214.5 (t, 2JC,P = 6 Hz, Cb≡O). 
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IR (KBr): ṽ = 2902 (m), 2831 (w), 2426 (w, BH), 2375 (w, BH), 2310 (m, PH), 2252 (w, PH), 1996 (m), 
1873 (vs, CO), 1820 (vs, CO), 1631 (vw), 1471 (w), 1453 (w), 1352 (m), 1284 (w), 1249 (w), 1108 (s, CO), 
1077 (m), 962 (m), 835 (w), 764 (w), 605 (w), 581 (w). 
ESI-MS (THF): anion: m/z = 374.8 (100%, [(CO)4W(H2P-BH2-PH2]-). 
Elemental analysis (%) calculated for C16H30BNaO10P2W(thf) (5(thf)): C: 32.69, H: 5.21; found: C: 32.82, 
H: 5.21. 
 
Synthesis of ([K(C12H24O6)(thf)2][(CO)4W(H2As-BH2-AsH2)])2 (6(thf)4): 
A solution of 160 mg (0.41 mmol) W(CO)4(C7H8) in 3 ml THF is added to a solution of 141 mg 
(0.30 mmol) [K(C12H24O6)][H2As-BH2-AsH2] in 3 ml THF at -80 °C. The solution is allowed to reach room 
temperature and stirred for 16 h. The yellow solution is layered with 24 ml of n-hexane. 6(thf)4  
crystallizes at -28 °C as clear yellow blocks. The solvent is decanted, crystals are separated, washed 
with cold n-hexane (0 °C, 2 × 5 mL) and dried in vacuo.  
Yield of ([K(C12H24O6)(thf)0.5][(CO)4W(H2As-BH2-AsH2)])2 (6(thf)): 124 mg (52%). 
1H NMR (THF-d8, 25 °C): δ = 1.52 (m, 4H, AsH2), 2.27 (m, 2H, BH2), 3.64 (s, 24H, C12H24O6).  
11B NMR (THF-d8, 25 °C): δ = -31.1 (s, br, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -31.1 (s, br, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 71.0 (s, C12H24O6), 206.9 (s, Ca≡O), 211.5 (s, Cb≡O). 
IR (KBr): ṽ = 2906 (m), 2834 (w), 2432 (w, BH), 2387 (w, BH), 2339 (w, BH), 2092 (m, AsH), 2059 (w, AsH), 
1990 (s), 1858 (vs, CO), 1815 (vs, CO), 1633 (vw), 1470 (w), 1453 (w), 1351 (m), 1284 (w), 1249 (w), 
1108 (s, CO), 962 (m), 837 (w), 713 (vw), 660 (w, br), 604 (w), 580 (m). 
ESI-MS (THF): anion: m/z = 462.9 (z = 2, 30%, [((CO)4W(H2As-BH2-AsH2)2]2-). 
Elemental analysis (%) calculated for C32H60As4B2K2O20W2(thf) (6(thf)): C: 26.93, H: 4.27; found:  
C: 27.21, H: 4.19. 
 
Synthesis of [Na(C12H24O6)(thf)2][(CO)4W(H2As-BH2-PH2-BH2-AsH2)] (7(thf)2): 
A solution of 117 mg (0.30 mmol) W(CO)4(C7H8) in 3 ml THF is added drop wise to a solution of 150 mg 
(0.30 mmol) [Na(C12H24O6)][H2As-BH2-PH2-BH2-AsH2] in 4 ml THF at -80 °C. The solution is allowed to 
reach room temperature and stirred for 16 h. After filtration the yellow solution is layered with 30 ml 
84 || Coordination Chemistry of Anionic Pnictogenylborane Derivatives  
of n-hexane. 7(thf)2 crystallizes at -28 °C as clear yellow blocks. The solvent is decanted, the crystals 
are separated, washed with cold n-hexane (0 °C, 2 x 6 ml) and dried in vacuo.  
Yield of [Na(C12H24O6)(thf)0.16][(CO)4W(H2As-BH2-PH2-BH2-AsH2)] (7(thf)0.16): 231 mg (95%). 
1H NMR (THF-d8, 25 °C): δ = 1.30 (dm, 4H, AsH2), 1.69 (q, br, 1JH,B = 108 Hz, 4H, BH2),  
3.63 (s, 24H, C12H24O6), 3.70 (dm, 1JH,P = 328 Hz, 2H, PH2).  
11B NMR (THF-d8, 25 °C): δ = -37.4 (td, 1JB,H = 108 Hz, 1JB,P = 66 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -37.4 (d, 1JB,P = 66 Hz, BH2). 
31P NMR (toluene-d8, 25 °C): δ = -102.2 (t, br, 1JP,H = 328 Hz, PH2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -102.2 (m, PH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 70.6 (s, C12H24O6), 205.9 (s, Ca≡O), 210.3 (s, Cb≡O). 
IR (KBr): ṽ = 2912 (m), 2418 (w, BH), 2377 (m, PH), 2341 (w, PH), 2138 (w, AsH), 2111 (m, AsH),  
1998 (s), 1878 (vs, CO), 1859 (vs, CO), 1804 (vs, CO), 1634 (vw), 1470 (w), 1451 (w), 1351 (w), 1298 
(vw), 1284 (vw), 1249 (w), 1107 (s, CO), 961 (s), 891 (w), 834 (w), 761 (vw), 710 (w), 668 (vw), 607 (w), 
578 (w). 
ESI-MS (THF): anion: m/z = 508.8 (100%, [(CO)4W(H2As-BH2-PH2-BH2-AsH2]-). 
Elemental analysis (%) calculated for C16H34As2B2NaO10PW(thf)0.16 (7(thf)0.16): C: 24.72, H: 4.40; found: 
C: 24.75, H: 4.40. 
 
Synthesis of [Na(C12H24O6)(thf)2][(CO)4W(tBuPH-BH2-tBuPH)] (8(thf)2): 
A solution of 39 mg (0.10 mmol) W(CO)4(C7H8) in 1 ml THF is added drop wise to a solution of 48 mg 
(0.10 mmol) [Na(C12H24O6)][tBuPH-BH2-tBuPH] in 3 ml THF at -80 °C. The solution is allowed to reach 
room temperature and stirred for 16 h. After filtration the yellow solution is layered with 15 ml of 
n-hexane. 8(thf)2 crystallizes at -28 °C as clear yellow blocks. The solvent is decanted, the crystals are 
separated, washed with cold n-hexane (0 °C, 2 x 5 ml) and dried in vacuo.    
Yield of [Na(C12H24O6)(thf)1.5][(CO)4W(tBuPH-BH2-tBuPH)] (8(thf)1.5): 60 mg (68%). 
1H NMR (THF-d8, 25 °C): δ = 1.11 (m, 18H, tBu), 2.97 (m, br, 1H, BHaHb), 3.06 (dm, 1JH,P = 283 Hz, 1H, 
tBuPHa), 3.14 (dm, 1JH,P = 300 Hz, 1H, tBuPHb), 3.15 (m, br, 1H, BHaHb),  3.63 (s, 24H, C12H24O6).  
11B NMR (THF-d8, 25 °C): δ = -20.6 (m, br, BHaHb). 
11B{1H} NMR (THF-d8, 25 °C): δ = -20.6 (m, br, BHaHb). 
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31P NMR (toluene-d8, 25 °C): δ = -64.6 (d, br, 1JH,P = 279 Hz, tBuPHb), -70.3 (m, br, 1JH,P = 279 Hz, tBuPHa). 
31P{1H} NMR (THF-d8, 25 °C): δ = -64.6 (m, tBuPHb), -70.3 (m, br, tBuPHa). 
13C{1H} NMR (THF-d8, 25 °C): δ = 27.2 (t, 1JC,P = 16 Hz, Cb(CH3)3), 27.9 (t, 1JC,P = 19 Hz, Ca(CH3)3),  
30.0 (t, 2JC,P = 2 Hz, C(CbH3)3), 30.2 (t, 2JC,P = 2 Hz, C(CaH3)3), 70.6 (s, C12H24O6), 206.7 (m, Cc≡O),  
209.7 (m, Cd≡O), 211.5 (m, Ce≡O), 216.4 (m, Cf≡O). 
IR (KBr): ṽ = 2958 (w), 2939 (w), 2916 (w), 2891 (w), 2856 (w), 2389 (vw, BH), 2340 (vw, PH),  
2278 (vw, PH), 1987 (m), 1869 (vs, CO), 1799 (s, CO), 1635 (w), 1471 (w), 1456 (w), 1352 (w), 1250 (w), 
1108 (s, CO), 1023 (w), 962 (w), 872 (vw), 838 (w), 819 (w), 738 (vw), 605 (w), 582 (w). 
ESI-MS (THF): anion: m/z = 487.2 (100%, [(CO)4W(tBuPH-BH2-tBuPH]-). 
Elemental analysis (%) calculated for C24H46BNaO10P2W(thf)1.5 (8(thf)1.5): C: 40.80, H: 6.62; found:  
C: 41.14, H: 6.63. 
 
Synthesis of [Na(C12H24O6)(thf)2][(CO)4W(tBuAsH-BH2-tBuAsH)] (9(thf)2): 
A solution of 39 mg (0.10 mmol) W(CO)4(C7H8) in 2 ml THF is added drop wise to a solution of 57 mg 
(0.10 mmol) [Na(C12H24O6)][tBuAsH-BH2-tBuAsH] in 3 ml THF at -70 °C. The solution is allowed to reach 
room temperature and stirred for 16 h. After filtration the yellow solution is layered with 20 ml of 
n-hexane. 9(thf)2 crystallizes at -28 °C as clear yellow blocks. The solvent is decanted, the crystals are 
separated, washed with cold n-hexane (0 °C, 2 x 5 ml) and dried in vacuo.    
Yield of [Na(C12H24O6)(thf)2][(CO)4W(tBuAsH-BH2-tBuAsH)] (9(thf)2): 81 mg (80%). 
1H NMR (THF-d8, 25 °C): δ = 1.19 (s, 18H, tBu), 1.75 (m, 1H, tBuAsHa), 1.90 (m, 1H, tBuAsHb),  
3.35 + 4.25 (m, 1H, BHcHd), 3.63 (s, 24H, C12H24O6), 3.81 (m, 1H, BHcHd).  
11B NMR (THF-d8, 25 °C): δ = -10.8 (t, 1JB,H = 97 Hz, BHaHb), -11.4 (t, 1JB,H = 97 Hz, BHaHb). 
11B{1H} NMR (THF-d8, 25 °C): δ = -10.8 (s, BHaHb), 11.4 (s, BHaHb). 
13C{1H} NMR (THF-d8, 25 °C): δ = 28.4 (s, Cb(CH3)3), 29.4 (s, Ca(CH3)3), 30.9 (s, C(CbH3)3), 31.1 (s, C(CaH3)3), 
70.6 (s, C12H24O6), 208.3 (s, Cc≡O), 210.5 (s, Cd≡O), 212.1 (s, Ce≡O), 215.3 (m, Cf≡O). 
IR (KBr): ṽ = 2958 (m), 2913 (m), 2885 (m), 2856 (m), 2420 (w, BH), 2365 (w, BH), 2340 (w, BH),  
2073 (w, AsH), 1986 (s), 1870 (vs, CO), 1797 (vs, CO), 1470 (m), 1455 (m), 1352 (m), 1299 (vw), 1285 
(vw), 1250 (w), 1108 (s, CO), 1019 (vw), 962 (m), 906 (vw), 836 (w), 748 (vw), 643 (vw), 607 (m),  
580 (m). 
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ESI-MS (THF): anion: m/z = 574.9 (100%, [(CO)4W(tBuAsH-BH2-tBuAsH]-). 
Elemental analysis (%) calculated for C24H46As2BNaO10W(thf)2 (9(thf)2): C: 38.16, H: 6.21; found:  
C: 38.33, H: 6.12. 
Synthesis of [Cu2Na2(thf)4(H2P-BH2-PH2)4] (10): 
A solution of 51 mg (0.50 mmol) Na[H2P-BH2-PH2] in 3 ml THF is added to a solution of 80 mg 
(0.25 mmol) [Cu(CH3CN)4][BF4] in 6 ml THF at -80 °C. The solution is allowed to reach -30 °C and stirred 
for 2 h. The dark solution is filtrated over diatomaceous earth and the obtained clear solution is layered 
with 35 ml of n-hexane. 10(thf)4 crystallizes at -28 °C as clear colourless blocks. Isolation of the desired 
product was not possible because of thermolabile properties and decomposition of the crystalline 
product. 
11B NMR (THF + C6D6-capillary, 25 °C): δ = -35.4 (m, br, BH2). 
11B{1H} NMR (THF + C6D6-capillary, 25 °C): δ = -35.4 (m, br, BH2). 
31P NMR (THF + C6D6-capillary, 25 °C): δ = -167.4 (m, br, PH2). 
31P{1H} NMR (THF + C6D6-capillary, 25 °C): δ = -167.4 (m, PH2). 
ESI-MS (THF): anion: m/z = 362.8 (100%, [Cu2(H2P-BH2-PH2)3]-), 316.8 (90%, [Cu2(PH2)(H2P-BH2-PH2)2]-), 
270.8 (30%, [Cu2(PH2)2(H2P-BH2-PH2)]-), 224.8 (45%, [Cu2(PH2)3]-). 
 
Synthesis of [Cu2Na2(tBuPH-BH2-tBuPH)4] (12): 
A solution of 95 mg (0.19 mmol) [Na(C12H24O6)][tBuPH-BH2-tBuPH] in 1.5 ml THF-d8 is added to 32 mg 
(0.10 mmol) [Cu(CH3CN)4][BF4] at -80 °C. The solution is allowed to reach -30 °C and used for analytical 
purpose. Isolation of the desired product was not possible because of thermolabile properties and 
decomposition after drying in vacuo. Crystallization was not successful because of great solubility in 
common organic solvents. 
1H NMR (THF-d8, -23 °C): δ = 1.18 (m, br, 18H, C(CH3)3), 1.30 (m, br, 2H, BH2), 2.85 (m, br, tBuPHa/b, 1H), 
3.16 (m, br, tBuPHb/a, 1H). 
11B NMR (THF-d8, -23 °C): δ = -34.9 (s, br, BH2). 
11B{1H} NMR (THF-d8, -23 °C): δ = -34.9 (s, br, BH2). 
31P NMR (THF-d8, -23 °C): δ = -28.2 (d, br, 1JP,H = 208 Hz, tBuPaH), -38.9 (d, br , 1JP,H = 208 Hz, tBuPbH). 
31P{1H} NMR (THF-d8, -23 °C): δ = -28.2 (s, tBuPaH), -38.9 (s, tBuPbH). 
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13C NMR (THF-d8, -23 °C): δ = 29.1 (m, C(CH3)3), 32.1 (m, br, C(CH3)3). 
ESI-MS (THF): anion: m/z = 699.1 (100%, [Cu2(tBuPH-BH2-tBuPH)3]-). 
 
Synthesis of [Cu2Na2(tBuAsH-BH2-tBuAsH)4] (13): 
A solution of 56 mg (0.10 mmol) [Na(C12H24O6)][tBuAsH-BH2-tBuAsH] in 1.5 ml THF-d8 is added to 32 mg 
(0.10 mmol) [Cu(CH3CN)4][BF4] at -80 °C. The solution is allowed to reach -30 °C and used for analytical 
purpose. Isolation of the desired product was not possible because of thermolabile properties and 
decomposition after drying in vacuo. Crystallization was not successful because of great solubility in 
common organic solvents. 
1H NMR (THF-d8, -30 °C): δ = 1.27 (m, br, C(CH3)3), 0.99-3.19 (m, br, BH2) 2.26 (m, tBuAsH). 
11B NMR (THF-d8, -30 °C): δ = -32.2 (s, br, BH2). 
11B{1H} NMR (THF-d8, -30 °C): δ = -32.2 (s, br, BH2). 
13C NMR (THF-d8, -30 °C): δ = 29.8 (m, C(CH3)3), 32.7 (m, br, C(CH3)3). 
ESI-MS (THF): anion: m/z = 963.0 (40%, [Cu2(tBuAsH-BH2-tBuAsH)3]-). 
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4.5.2 X-ray Diffraction Analysis 
 
The X-ray diffraction experiments were performed on a GV50 diffractometer with TitanS2 detector 
from Rigaku Oxford Diffraction (formerly Agilent Technologies) applying Cu-Kα radiation 
(λ = 1.54178 Å) (3c(thf)2, 4d(thf)2, 5(thf)2, 6(thf)4, 7(thf)2, 8(thf)2, 9(thf)2, 10) or Cu-Kβ radiation 
(λ = 1.39222 Å) (3c). The measurements were performed at 123 K (3c, 4d(thf)2, 5(thf)2, 6(thf)4, 7(thf)2, 
8(thf)2, 9(thf)2, 10) or at 193 K (3c(thf)2). Crystallographic data together with the details of the 
experiments are given in Table S 4.1 - Table S 4.5 (see below).  
A Numerical absorption correction based on gaussian integration was performed over a multifaceted 
crystal model (3c, 4d(thf)2, 5(thf)2, 6(thf)4, 7(thf)2, 8(thf)2, 9(thf)2, 10), a multi-scan absorption 
correction was performed (3c(thf)2) or an empirical absorption correction using spherical harmonics 
as implemented in SCALE3/ ABSPACK (CrysAlisPro software by Rigaku Oxford Diffraction).[6] 
All structures were solved using SIR97[7], SHELXT[8] and OLEX2[9]. Least square refinements against F2 in 
anisotropic approximation were done using SHELXL[10]. 
All non-hydrogen atoms were refined anisotropically. The hydrogen positions of the methyl groups 
were located geometrically and refined riding on the carbon atoms. Hydrogen atoms belonging to 
BH2, PH2 and AsH2 groups were located from the difference Fourier map and refined without 
constraints (6(thf)4, 7(thf)2, 9(thf)2) or with restrained X–H (X = B, P, As) distances (3c(thf)2, 3c, 
4d(thf)2, 5(thf)2, 8(thf)2, 10).  
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4.5.3 Solid State Structures 
 
[Na(C12H24O6)(thf)2][tBuPH-BH2-tBuPH] (3c(thf)2): 
 
3c(thf)2 crystallizes from a concentrated THF solution -28 °C as pale yellow needles in the monoclinic 
space group C2/m. Figure S 4.1 shows the molecular structure of 3c(thf)2 in solid state. 
 
 
Figure S 4.1. Molecular structure of 3c(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
High disorder (greyed out atoms) leads to insignificant values of selected bond length and angles. 
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[Na(C12H24O6)][tBuPH-BH2-tBuPH] (3c): 
 
3c crystallizes from a toluene solution layered by the 3-4-fold amount of pentane at -28 °C as colourless 
blocks in the monoclinic space group P21/n. Figure S 4.2 shows the molecular structure of 3c in solid 
state. 
 
 
Figure S 4.2. Molecular structure of 3c in solid state. Thermal ellipsoids are drawn with 50% probability. Selected 
bond length [Å] and angles [°]: P1-B1: 1.943(4), P1-C1: 1.855(3), P2-B1: 1.954(6) – 1.973(9), P2-C2: 
1.85(1) – 1.867(6), ∠(P1-B1-P2): 106.8(3) – 109.7(4), ∠(B1-P1-C1): 108.8(2), ∠(B1-P2-C2): 108.1(2) – 108.2(4), 
∠(B1-P1-Na1): 136.5(1). Top: disordered solid state structure of 3c; bottom: 2 possible conformers of the anionic 
part of 3c. 
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[Na(C12H24O6)(thf)2][tBuAsH-BH2-tBuAsH] (4d(thf)2): 
 
4d(thf)2 crystallizes from a concentrated THF solution at -28 °C as yellow needles in the monoclinic 
space group I2/a. Figure S 4.3 shows the molecular structure of 4d(thf)2 in solid state. 
 
 
Figure S 4.3. Molecular structure of 4d(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: As1-B1: 2.066(4) – 2.066(6), As1-C1: 1.995(4) – 1.997(5), As2-B1: 
2.081(3) – 2.100(4), As2-C2: 1.980(4) – 2.041(3), ∠(As1-B1-As2): 100.9(2) – 104.6(2), ∠(B1-As1-C1): 
104.7(2) – 104.8(2), ∠(B1-As2-C2): 103.6(1) – 105.0(2). Top: disordered solid state structure of 4d(thf)2; bottom: 
3 possible conformers of the anionic part of 4d(thf)2; bottom right: lowest occupied anion (6%) omitted for 
discussion of values and conformation. 
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[Na(C12H24O6)(thf)2][W(CO)4(H2P-BH2-PH2)] (5(thf)2): 
 
5(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as clear 
yellow block in the triclinic space group P1. Figure S 4.4 shows the molecular structure of 5(thf)2 in 
solid state. 
 
 
Figure S 4.4. Molecular structure of 5(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: P1-B1: 1.982(5), P2-B1: 1.957(4), P1-W1: 2.5531(7), P2-W1: 2.5506(7), 
∠(P1-B1-P2): 93.0(1), ∠(P1-W1-P2): 68.08(3), ∠(W1-P1-B1-P2): 12.142. 
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([K(C12H24O6)(thf)2][W(CO)4(H2As-BH2-AsH2)])2 (6(thf)4): 
 
6(thf)4 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as clear 
yellow blocks in the monoclinic space group P21/c. Figure S 4.5 shows the molecular structure of 6(thf)4 
in solid state. 
 
 
Figure S 4.5. Molecular structure of 6(thf)4 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: As1-B1: 2.06(1), As2-B1: 2.103, As1-W1: 2.641(2), As2-W1: 2.594(2), 
As3-B2: 2.06(1), As4-B2: 2.089, As3-W2: 2.643(1), As4-W2: 2.666(3), ∠(As1-B1-As2): 105.161, ∠(As1-W1-As2): 
89.08(6), ∠(As3-B2-As4): 105.013, ∠(As3-W2-As4): 88.52(5), ∠(W1-As1-B1-As2): 146.784, ∠(W2-As3-B2-As4): 
148.850. Top left: disordered solid state structure of 6(thf)4; top right: disordered grown solid state structure of 
the anion; atoms labeled with ° are generated by symmetrical operations; bottom: 2 different possible isomers 
of the anionic part of 6(thf)4; atoms labeled with ° are generated by symmetrical operations. 
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[Na(C12H24O6)(thf)2][W(CO)4(H2As-BH2-PH2-BH2-AsH2)] (7(thf)2): 
 
7(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as clear 
colourless blocks in the orthorhombic space group P212121. Figure S 4.6 shows the molecular structure 
of 7(thf)2 in solid state. 
 
 
Figure S 4.6. Molecular structure of 7(thf)2 in solid state. THF-molecules are omitted for heavy disorder and 
calculated by solvent-mask-order. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] 
and angles [°]: As1-B1: 2.17(4), As2-B2: 2.09(3), P1-B1: 1.99(3), P1-B2: 1.95(3), As1-W1: 2.622(3), As2-W1: 
2.627(4), ∠(As1-B1-P1): 103(2), ∠(As2-B2-P1): 107(2), ∠(B1-P1-B2): 125(1), ∠(As1-W1-As2): 85.06(9), 
∠(W1-As1-B1-P1): 49.888, ∠(As1-B1-P1-B2): 54.553, ∠(B1-P1-B2-As2): 64.964, ∠(P1-B2-As2-W1): 64.9, 
∠(B2-As2-W1-As1): 51.439, ∠(As2-W1-As1-B1): 46.913. 
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[Na(C12H24O6)(thf)2][W(CO)4(tBuPH-BH2-tBuPH)] (8(thf)2): 
 
8(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as clear 
yellow prism in the triclinic space group P1. Figure S 4.7 shows the molecular structure of 8(thf)2 in 
solid state. 
 
 
Figure S 4.7. Molecular structure of 8(thf)2 in solid state. THF-molecules are omitted for heavy disorder and 
calculated by solvent-mask-order. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] 
and angles [°]: P1-B1: 1.90(1) – 1.91(1), P2-B1: 1.90(1) – 1.91(1), P1-C1: 1.81(3) – 1.83(3), P2-C2: 1.82(3) – 1.85(3), 
P1-W1: 2.550(5) – 2.570(5), P2-W1: 2.550(5) – 2.574(5), ∠(P1-B1-P2): 92.2(8) – 92.6(8), ∠(C1-P1-B1): 
118(2) – 119(2), ∠(C2-P2-B1): 117(1) – 119(1), ∠(P1-W1-P2): 65.1(1), ∠(W1-P1-B1-P2): 11.884 – 15.101. Top: 
disordered solid state structure of 8(thf)2; bottom left: 2 independent anions; bottom right: 2 enantiomers of the 
anionic part of 8(thf)2. 
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[Na(C12H24O6)(thf)2][W(CO)4(tBuAsH-BH2-tBuAsH)] (9(thf)2): 
 
9(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as clear 
yellow prism in the triclinic space group P1. Figure S 4.8 shows the molecular structure of 9(thf)2 in 
solid state. 
 
 
Figure S 4.8. Molecular structure of 9(thf)2  in solid state. THF-molecules are omitted for heavy disorder and 
calculated by solvent-mask-order. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] 
and angles [°]: As1-B1: 2.05(2) – 2.06(2), As2-B1: 2.06(2) – 2.07(2), As1-C1: 1.93(5) – 1.99(5), As2-C2: 
1.95(5) – 2.00(5), As1-W1: 2.672(3) – 2.682(3), As2-W1: 2.675(3) – 2.685(3), ∠(As1-B1-As2): 91(1), ∠(C1-As1-B1): 
115(2) – 118(2), ∠(C2-As2-B1): 114(2) – 117(2), ∠(As1-W1-As2): 66.3(1) – 66.5(1), ∠(W1-As1-B1-As2): 
9.185 – 14.812. Top: disordered solid state structure of 9(thf)2; bottom left: 2 enantiomers of the anionic part of 
9(thf)2; bottom right: 2 independent anions. 
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[Cu2Na2(thf)4(H2P-BH2-PH2)4] (10): 
 
10 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as colourless 
blocks in the orthorhombic space group Pbcn. Figure S 4.9 shows the molecular structure of 10 in solid 
state.  
 
Figure S 4.9. Molecular structure of 10 in solid state. Thermal ellipsoids are drawn with 50% probability. Atoms 
labeled with ° are generated by symmetrical operations; Selected bond length [Å] and angles [°]: P1-B1: 1.944(8), 
P2-B1: 1.960(7), P3-B2: 1.952(7), P4-B2: 1.958(7), P5-B3: 1.967(8), P6-B3: 1.965(8), P7-B4: 1.950(9), P8-B4: 
1.938(8), Cu1-P1: 2.292(2), Cu1-P3: 2.298(2), Cu1-P5: 2.290(2), Cu1-P7: 2.288(2), Cu2-P2: 2.290(2), Cu2-P4°: 
2.300(2), Cu2-P6°: 2.295(2), Cu2-P8°: 2.299(2), Cu2-Na2: 3.375(2), B1-Na2: 2.776(8), H(B1)-Na2: 2.4(2)/ 2.5(2), 
B2°-Na2: 2.771(7), H(B2°)-Na2: 2.343/ 2.548, B3°-Na2: 2.818, H(B3°)-Na2: 2.288/ 2.490, B4-Na1: 2.678(9), H(B4)-
Na1: 2.2(2), ∠(P1-B1-P2): 113.5(3), ∠(P3-B2-P4): 113.7(3), ∠(P5-B3-P6): 113.3(4), ∠(P7-B4-P8): 113.9(4), ∠(P1-
Cu1-P3): 102.84(6), ∠(P1-Cu1-P5): 106.60(7), ∠(P1-Cu1-P7): 111.74(8), ∠(P3-Cu1-P5): 118.22(7), ∠(P3-Cu1-P7): 
107.57, ∠(P5-Cu1-P7): 109.73(7), ∠(P2-Cu2-P4°): 111.679, ∠(P2-Cu2-P6°): 107.333, ∠(P2-Cu2-P8°): 107.121, 
∠(P4°-Cu2-P6°): 112.266, ∠(P4°-Cu2-P8°): 105.80(7), ∠(P6°-Cu2-P8°): 112.595, ∠(P2-Cu2-Na2): 68.45(6), 
∠(P4°-Cu2-Na2): 72.596, ∠(P6°-Cu2-Na2): 73.459, ∠(P8°-Cu2-Na2): 173.670. Top: unit cell of the solid state 
structure of 10; bottom: grown solid state structure of 10 with focus on environment of Cu- and Na-atoms; 
hydrogen atoms bonded to carbon are omitted for clarity, THF-molecules are drawn as tubes.  
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4.5.4 Crystallographic Information 
 
Table S 4.1. Crystallographic data for compounds 3c(thf)2 and 3c. 
 3c(thf)2 3c 
Emipirical formula C28H60BNaO8P2 C20H46BNaO6P2 
Formula weight M 620.50 g/mol 478.31 g/mol 
Crystal clear light yellow needle clear colourless plate 
Crystal size [mm³] 0.286 x 0.269 x 0.154 0.287 x 0.187 x 0.147 
Temperature T 193.00(10) K 123.0(3) K 
Cristal system monoclinic monoclinic 
Space group C2/m P21/n 
Unit cell dimensions a = 17.2946(5) Å a = 9.4100(3) Å 
 b = 10.8998(3) Å b = 10.7085(3) Å 
 c = 9.9671(3) Å c = 27.5932(8) Å 
 α = 90° α = 90° 
 β = 91.647(3)° β = 92.978(3)° 
 γ = 90° γ = 90° 
Volume V  1878.09(9) Å3 2776.73(14) Å3 
Formula units Z 2 4 
Absorption coefficient µCu-Kα 1.483 mm-1 1.324 mm-1 
Density (calculated) ρcalc  1.097 g/cm3 1.144 g/cm3 
F(000) 676 1040 
Theta range θmin / θmax / θfull 4.438 / 74.275 / 67.684 ° 3.999 / 59.870 / 56.650 ° 
Absorption correction multi-scan gaussian 
Index ranges -21 < h < 21 -11 < h < 11 
 -13 < k < 13 -13 < k < 13 
 -11 < l < 12 -33 < l < 33 
Reflections collected 7515 26681 
Independent reflections [I > 2σ(I)] 1804 (Rint = 0.0129) 4210 (Rint = 0.0295) 
Completeness to full θ 1.000 1.000 
Transmission Tmin / Tmax  0.56537 / 1.00000 0.641 / 1.000 
Data / restraints / parameters 1979 / 100 / 187 5538 / 1018 / 496 
Goodness-of-fit on F² S 1.050 1.051 
Diffractometer type GV 50 GV 50 
Radiation type (λ)  Cu (1.54184 Å) Cu (1.39222 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0713 R1 = 0.0797 
 wR2 = 0.2362 wR2 = 0.2389 
Final R-values (all data)  R1 = 0.0743 R1 = 0.0959 
 wR2 = 0.2416 wR2 = 0.2580 
Largest difference hole -0.331 -0.454 
and peak Δρ 0.347 eÅ-3 0.742 eÅ-3 
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Table S 4.2. Crystallographic data for compounds 4d(thf)2 and 5(thf)2. 
 4d(thf)2 5(thf)2 
Emipirical formula C28H61.88As2BNaO8 C24H46BNaO12P2W 
Formula weight M 710.29 g/mol 806.20 g/mol 
Crystal clear colourless plate clear yellow block 
Crystal size [mm³] 0.207 x 0.192 x 0.146 0.2 x 0.176 x 0.115 
Temperature T 123.00(16) K 122.95(18) K 
Cristal system monoclinic triclinic 
Space group I2/a P1̅ 
Unit cell dimensions a = 17.3533(4) Å a = 9.2213(2) Å 
 b = 10.8763(2) Å b = 12.7998(3) Å 
 c = 39.4708(10) Å c = 15.0987(3) Å 
 α = 90° α = 86.308(2) ° 
 β = 91.297(2)° β = 80.305(2) ° 
 γ = 90° γ = 78.250(2)° 
Volume V  7447.8(3) Å3 1719.01(7) Å3 
Formula units Z 8 2 
Absorption coefficient µCu-Kα 2.659 mm-1 7.688 mm-1 
Density (calculated) ρcalc  1.267 g/cm3 1.558 g/cm3 
F(000) 3007 812 
Theta range θmin / θmax / θfull 4.216 / 74.424 / 67.684 ° 3.529 / 74.573 / 67.684° 
Absorption correction gaussian gaussian 
Index ranges -15 < h < 21 -11 < h < 11 
 -9 < k < 13 -15 < k < 15 
 -47 < l < 48 -18 < l < 18 
Reflections collected 18650 19192 
Independent reflections [I > 2σ(I)] 6655 (Rint = 0.0453) 6689 (Rint = 0.0231) 
Completeness to full θ 0.994 0.993 
Transmission Tmin / Tmax  0.673 / 1.000 0.394 / 0.668 
Data / restraints / parameters 7320 / 68 / 450 6804 / 114 / 425 
Goodness-of-fit on F² S 1.067 1.040 
Diffractometer type GV 50 GV 50 
Radiation type (λ)  Cu (1.54184 Å) CuKα (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0730 R1 = 0.0235 
 wR2 = 0.2018 wR2 = 0.0573 
Final R-values (all data)  R1 = 0.0764 R1 = 0.0239 
 wR2 = 0.2081 wR2 = 0.0576 
Largest difference hole -0.867 -0.670 
and peak Δρ 1.410 eÅ-3 1.106 eÅ-3 
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Table S 4.3. Crystallographic data for compounds 6(thf)4 and 7(thf)2. 
 6(thf)4 7(thf)2 
Emipirical formula C24H46As2BKO12W C24H50As2B2NaO12PW 
Formula weight M 910.21 g/mol 939.91 g/mol 
Crystal clear yellow block clear colourless block 
Crystal size [mm³] 0.342 x 0.245 x 0.16 0.206 x 0.086 x 0.073 
Temperature T 123.00(10) K 123.0(2) K 
Cristal system monoclinic orthorhombic 
Space group P21/c P212121 
Unit cell dimensions a = 14.0819(3) Å a = 9.2429(3) Å 
 b = 15.1834(3) Å b = 12.9526(5) Å 
 c = 17.7987(4) Å c = 31.1175(9) Å 
 α = 90° α = 90° 
 β = 100.706(2)° β = 90° 
 γ = 90° γ = 90° 
Volume V  3739.29(14) Å3 3725.4(2) Å3 
Formula units Z 4 4 
Absorption coefficient µCu-Kα 9.109 mm-1 8.678 mm-1 
Density (calculated) ρcalc  1.617 g/cm3 1.676 g/cm3 
F(000) 1800 1864 
Theta range θmin / θmax / θfull 3.855 / 74.261 / 67.684° 3.696 / 73.448 / 67.684° 
Absorption correction gaussian gaussian 
Index ranges -12 < h < 17 -11 < h < 11 
 -16 < k < 18 -16 < k < 15 
 -16 < l < 21 -38 < l < 38 
Reflections collected 18421 41393 
Independent reflections [I > 2σ(I)] 6910 (Rint = 0.0266) 6946 (Rint = 0.1337) 
Completeness to full θ 0.996 0.999 
Transmission Tmin / Tmax  0.178 / 0.899 0.334 / 0.803 
Data / restraints / parameters 7327 / 410 / 507 7370 / 1035 / 462 
Goodness-of-fit on F² S 1.053 1.051 
Diffractometer type GV 50 GV 50 
Radiation type (λ)  CuKα (1.54184 Å) CuKα (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0733 R1 = 0.1201 
 wR2 = 0.2189 wR2 = 0.3159 
Final R-values (all data)  R1 = 0.0750 R1 = 0.1227 
 wR2 = 0.2215 wR2 = 0.3189 
Largest difference hole -1.636 -2.521 
and peak Δρ 1.809 eÅ-3 2.476 eÅ-3 
Flack parameter  0.50(5) 
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Table S 4.4. Crystallographic data for compounds 8(thf)2 and 9(thf)2. 
 8(thf)2 9(thf)2 
Emipirical formula C32H62BNaO12P2W C32H62As2BNaO12W 
Formula weight M 918.40 g/mol 1006.30 g/mol 
Crystal clear yellow prism clear yellow prism 
Crystal size [mm³] 0.251 x 0.195 x 0.163 0.18 x 0.158 x 0.145 
Temperature T 122.9(2) K 122.9(3) K 
Cristal system triclinic triclinic 
Space group P1 P1 
Unit cell dimensions a = 11.7703(3) Å a = 11.7795(3) Å 
 b = 11.77569(14) Å b = 11.7812(3) Å 
 c = 17.5594(3) Å c = 17.7202(4) Å 
 α = 70.4331(14)° α = 109.368(2)° 
 β = 70.4762(18)° β = 109.408(2)° 
 γ = 89.9897(13)° γ = 90.007(2)° 
Volume V  2144.22(7) Å3 2171.27(10) Å3 
Formula units Z 2 2 
Absorption coefficient µCu-Kα 6.231 mm-1 7.150 mm-1 
Density (calculated) ρcalc  1.422 g/cm3 1.539 g/cm3 
F(000) 940 1012 
Theta range θmin / θmax / θfull 4.016 / 74.791 / 67.684° 4.008 / 74.880 / 67.684° 
Absorption correction gaussian gaussian 
Index ranges -14 < h < 14 -14 < h < 14 
 -14 < k < 14 -14 < k < 14 
 -21 < l < 21 -22 < l < 21 
Reflections collected 59346 46138 
Independent reflections [I > 2σ(I)] 15491 (Rint = 0.0419) 15124 (Rint = 0.0483) 
Completeness to full θ 99.91 0.999 
Transmission Tmin / Tmax  0.421 / 0.728 0.420 / 0.651 
Data / restraints / parameters 16261 / 1539 / 1203 16562 / 1477 / 1140 
Goodness-of-fit on F² S 1.033 1.053 
Diffractometer type GV 50 GV 50 
Radiation type (λ)  CuKα (1.54184 Å) CuKα (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0477 R1 = 0.0581 
 wR2 = 0.1276 wR2 = 0.1518 
Final R-values (all data)  R1 = 0.0490 R1 = 0.0628 
 wR2 = 0.1296 wR2 = 0.1566 
Largest difference hole -1.169 -1.129 
and peak Δρ 1.077 eÅ-3 0.960 eÅ-3 
Flack parameter 0.014(16) 0.163(16) 
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Table S 4.5. Crystallographic data for compounds 10. 
 10  
Emipirical formula C16H56B4Cu2Na2O4P8  
Formula weight M 776.66 g/mol  
Crystal clear colourless block  
Crystal size [mm³] 0.173 x 0.14 x 0.133  
Temperature T 122.9(2) K  
Cristal system monoclinic  
Space group P21  
Unit cell dimensions a = 10.2192(2) Å  
 b = 17.6836(2) Å  
 c = 10.53140(10) Å  
 α = 90°  
 β = 94.106(2)°  
 γ = 90°  
Volume V  1898.27(5) Å3  
Formula units Z 2  
Absorption coefficient µCu-Kα 4.964 mm-1  
Density (calculated) ρcalc  1.359 g/cm3  
F(000) 808  
Theta range θmin / θmax / θfull 4.209 / 74.755 / 67.684°  
Absorption correction gaussian  
Index ranges -12 < h < 12  
 -22 < k < 22  
 -13 < l < 13  
Reflections collected 38551  
Independent reflections [I > 2σ(I)] 7187 (Rint = 0.0544)  
Completeness to full θ 0.999  
Transmission Tmin / Tmax  0.425 / 0.615  
Data / restraints / parameters 7618 / 227 / 425  
Goodness-of-fit on F² S 1.031  
Diffractometer type GV 50  
Radiation type (λ)  CuKα (1.54184 Å)  
Final R-values [I > 2σ(I)] R1 = 0.0471  
 wR2 = 0.1253  
Final R-values (all data)  R1 = 0.0498  
 wR2 = 0.1287  
Largest difference hole -0.248  
and peak Δρ 0.632 eÅ-3  
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4.5.5 NMR Spectroscopy 
 
[Na(C12H24O6)(thf)2][tBuPH-BH2-tBuPH] (3c(thf)2): 
 
Figure S 4.10. 11B{1H} (bottom) and 11B NMR spectrum (top) of 3c in toluene-d8. 
 
Figure S 4.11. 31P{1H} (bottom) and 31P NMR spectrum (top) of 3c in toluene-d8.* = tBuPH2.  
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Figure S 4.12. 1H NMR spectrum of 3c in toluene-d8. * = solvent (toluene-d8), ** = THF.  
Magnified part shows 1H, 1H{31P}, 1H{11B}, 1H (600 MHz) NMR (from bottom to top) of the anion. 
 
Figure S 4.13. 13C NMR spectrum of 3c in toluene-d8. * = solvent (toluene-d8), ** = THF. 
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[Na(C12H24O6)(thf)2][tBuAsH-BH2-tBuAsH] (4d(thf)2): 
 
Figure S 4.14. 11B{1H} (bottom) and 11B NMR spectrum (top) of 4d in toluene-d8. 
 
Figure S 4.15. 1H NMR spectrum of 4d in toluene-d8. * = solvent (toluene-d8), ** = THF.  
Magnified part shows 1H, 1H (600 MHz) NMR (from bottom to top) of the anion. 
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Figure S 4.16. 13C NMR spectrum of 4d in toluene-d8. * = solvent (toluene-d8), ** = THF. 
 
[Na(C12H24O6)(thf)2][W(CO)4(H2P-BH2-PH2)] (5(thf)2): 
 
Figure S 4.17. 11B{1H} (bottom) and 11B NMR spectrum (top) of 5 in THF-d8. * = Na+[H2P-BH2-PH2]-. 
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Figure S 4.18. 31P{1H} (bottom) and 31P NMR spectrum (top) of 5 in THF-d8. * = Na+[H2P-BH2-PH2]-. 
 
Figure S 4.19. 1H NMR spectrum of 5 in THF-d8. * = solvent (THF-d8), ** = solvent (THF).  
Magnified part shows 1H, 1H{31P} NMR (from bottom to top) of the anion. 
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Figure S 4.20. 13C NMR spectrum of 5 in THF-d8. * = solvent (THF-d8). 
 
([Na(C12H24O6)(thf)2][W(CO)4(H2As-BH2-AsH2)])2 (6(thf)4): 
 
Figure S 4.21. 11B{1H} (bottom) and 11B NMR spectrum (top) of 6 in THF-d8. 
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Figure S 4.22. 1H NMR spectrum of 6 in THF-d8. * = solvent (THF-d8), ** = solvent (THF).  
Magnified part shows 1H, 1H{11B} NMR (from bottom to top) of the anion. 
 
Figure S 4.23. 13C NMR spectrum of 6 in THF-d8. * = solvent (THF-d8). 
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[Na(C12H24O6)(thf)2][W(CO)4(H2As-BH2-PH2-BH2-AsH2)] (7(thf)2): 
 
Figure S 4.24. 11B{1H} (bottom) and 11B NMR spectrum (top) of 7 in THF-d8. 
 
Figure S 4.25. 31P{1H} (bottom) and 31P NMR spectrum (top) of 7 in THF-d8. 
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Figure S 4.26. 1H NMR spectrum of 7 in THF-d8. * = solvent (THF-d8), ** = solvent (THF).  
Magnified part shows 1H, 1H{31P}, 1H{11B} NMR (from bottom to top) of the anion. 
 
Figure S 4.27. 13C NMR spectrum of 7 in THF-d8. * = solvent (THF-d8). 
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[Na(C12H24O6)(thf)2][W(CO)4(tBuPH-BH2-tBuPH)] (8(thf)2): 
 
Figure S 4.28. 11B{1H} (bottom) and 11B NMR spectrum (top) of 8 in THF-d8. 
 
Figure S 4.29. 31P{1H} (bottom) and 31P NMR spectrum (top) of 8 in THF-d8. 
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Figure S 4.30. 1H NMR spectrum of 8 in THF-d8. * = solvent (THF-d8), ** = solvent (THF).  
Magnified part shows 1H (400 MHz), 1H NMR (600 MHz) (from bottom to top) of the anion. 
 
Figure S 4.31. 13C NMR spectrum of 8 in THF-d8. * = solvent (THF-d8), ** = solvent (THF). 
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[Na(C12H24O6)(thf)2][W(CO)4(tBuAsH-BH2-tBuAsH)] (9(thf)2): 
 
Figure S 4.32. 11B{1H} (bottom) and 11B NMR spectrum (top) of 9 in THF-d8. 
 
Figure S 4.33. 1H NMR spectrum of 9 in THF-d8. * = solvent (THF-d8), ** = solvent (THF).  
Magnified part shows left sided 1H, 1H{11B} and right sided 1H (400 MHz), 1H NMR (600 MHz) (from bottom to 
top) of the anion. 
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Figure S 4.34. 13C NMR spectrum of 9 in THF-d8. * = solvent (THF-d8), ** = solvent (THF). 
 
[Cu2Na2(thf)4(H2P-BH2-PH2)4] (10): 
 
Figure S 4.35. 11B{1H} (bottom) and 11B NMR spectrum (top) of 10 in THF + C6D6 capillary. * = [BF4]-. 
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Figure S 4.36. 31P{1H} (bottom) and 31P NMR spectrum (top) of 10 in THF + C6D6 capillary. 
 
[Cu2Na2(tBuPH-BH2-tBuPH)4] (12): 
 
Figure S 4.37. 11B{1H} (bottom) and 11B NMR spectrum (top) of 12 in THF-d8. * = [BF4]-.  
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Figure S 4.38. 31P{1H} (bottom) and 31P NMR spectrum (top) of 12 in THF-d8. 
 
Figure S 4.39. 1H NMR spectrum of 12 in THF-d8. * = solvent (THF-d8), ** = CH3CN, *** = C12H24O6.  
Magnified part shows 1H, 1H{31P}, 1H{11B} NMR (from bottom to top) of the anion. 
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Figure S 4.40. 13C NMR spectrum of 12 in THF-d8. * = solvent (THF-d8), ** = C12H24O6, *** = CH3CN. 
 
[Cu2Na2(tBuAsH-BH2-tBuAsH)4] (13): 
 
Figure S 4.41. 11B{1H} (bottom) and 11B NMR spectrum (top) of 13 in THF-d8. * = [BF4]-. 
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Figure S 4.42. 1H NMR spectrum of 13 in THF-d8. * = solvent (THF-d8), ** = CH3CN, *** = C12H24O6. 
 
Figure S 4.43. 13C NMR spectrum of 13 in THF-d8. * = solvent (THF-d8), ** = C12H24O6, *** = CH3CN. 
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4.5.6 Computational Details 
 
For all computations Gaussian 09 program package[11] was used throughout. Density functional theory 
(DFT) in form of Becke’s three-parameter hybrid functional B3LYP[12] with 6-311++G** all electron basis 
set was employed. For W Effective Core Potential LANL2TZ(f) basis set was used.[13] Basis sets were 
obtained from the EMSL basis set exchange database.[14] The geometries of the compounds have been 
fully optimized and verified to be true minima on their respective potential energy surface (PES). 
 
Table S 4.6. Gas phase reaction energies ΔEo0, standard reaction enthalpies ΔHo298, Gibbs energies ΔGo298 in 
kJ·mol-1, and standard reaction entropies ΔSo298, J·mol-1·K-1. B3LYP/6-311++G** (ECP LANL2TZ(f) on W) level of 
theory. 
Reaction ΔEo0 ΔHo298 ΔSo298 ΔGo298 
[W(CO)4(nbd)] + [PH2BH2PH2]- = nbd + [W(CO)4PH2BH2PH2]- (5) -135.2 -131.0 13.3 -135.0 
[W(CO)4(nbd)] + [AsH2BH2AsH2]- = nbd + [W(CO)4AsH2BH2AsH2]- -97.6 -94.8 9.0 -97.5 
2 [W(CO)4(nbd)] + 2 [PH2BH2PH2]- = 2 nbd + [(CO)4W(PH2BH2PH2)2W(CO)4]2- -162.6 -145.2 -146.2 -101.6 
2 [W(CO)4(nbd)] + 2 [AsH2BH2AsH2]- = 2 nbd + [(CO)4W(AsH2BH2AsH2)2W(CO)4]2- (6) -104.0 -88.9 -157.2 -42.0 
 
Table S 4.7. Total energies Eo0, sum of electronic and thermal enthalpies Ho298 (Hartree) and standard entropies 
So298 (cal·mol-1·K-1) for studied compounds. B3LYP/6-311++G** (ECP LANL2TZ(f) on W) level of theory. 
Compound Eo0 Ho298 So298 
nbd -271.5500290 -271.416248 70.088 
[W(CO)4nbd] -792.9582322 -792.779242 125.174 
[W(CO)4PH2BH2PH2]- (5) -1232.7420685 -1232.633264 131.938 
[W(CO)4AsH2BH2AsH2]- -5021.7352488 -5021.630298 138.848 
[PH2BH2PH2]- -711.2823656 -711.220376 73.662 
[AsH2BH2AsH2]- -4500.289879 -4500.231188 81.6 
[(CO)4W(PH2BH2PH2)2W(CO)4]2- -2465.4430704 -2465.222031 222.543 
[(CO)4W(AsH2BH2AsH2)2W(CO)4]2- (6) -10043.4357667 -10043.22223 235.791 
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Table S 4.8. Optimized xyz coordinates (in Angstroms) for studied compounds B3LYP/6-311++G** (ECP 
LANL2TZ(f) on W) level of theory. 
nbd 
Atom x y z 
H -1.931152000 1.334516000 -1.021650000 
C -1.242696000 0.666842000 -0.521332000 
C 1.242696000 -0.666842000 -0.521332000 
C -1.242696000 -0.666842000 -0.521332000 
C 1.242696000 0.666842000 -0.521332000 
C 0.000000000 0.000000000 1.356816000 
H -1.931152000 -1.334516000 -1.021650000 
H 1.931152000 1.334516000 -1.021650000 
H 1.931152000 -1.334516000 -1.021650000 
H -0.898757000 0.000000000 1.977375000 
H 0.898757000 0.000000000 1.977375000 
C 0.000000000 1.122875000 0.273448000 
H 0.000000000 2.158066000 0.610776000 
C 0.000000000 -1.122875000 0.273448000 
H 0.000000000 -2.158066000 0.610776000 
 
[W(CO)4nbd] 
Atom x y z 
H 2.040420000 1.333967000 -1.355927000 
C 1.211053000 0.692182000 -1.615194000 
C -1.211053000 -0.692182000 -1.615194000 
C 1.211053000 -0.692182000 -1.615194000 
C -1.211053000 0.692182000 -1.615194000 
C 0.000000000 0.000000000 -3.542694000 
H 2.040420000 -1.333967000 -1.355927000 
H -2.040420000 1.333967000 -1.355927000 
H -2.040420000 -1.333967000 -1.355927000 
H 0.896995000 0.000000000 -4.167839000 
H -0.896995000 0.000000000 -4.167839000 
C 0.000000000 1.125896000 -2.472519000 
H 0.000000000 2.161875000 -2.802992000 
C 0.000000000 -1.125896000 -2.472519000 
H 0.000000000 -2.161875000 -2.802992000 
W 0.000000000 0.000000000 0.377786000 
C -1.479262000 0.000000000 1.718874000 
C 1.479262000 0.000000000 1.718874000 
C 0.000000000 2.036209000 0.631231000 
C 0.000000000 -2.036209000 0.631231000 
O 0.000000000 3.163773000 0.844707000 
O -2.362536000 0.000000000 2.461479000 
O 2.362536000 0.000000000 2.461479000 
O 0.000000000 -3.163773000 0.844707000 
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[W(CO)4PH2-BH2-PH2]- (5) 
Atom x y z 
W -0.014752000 -0.278652000 0.000000000 
P -0.011434000 1.891632000 1.452142000 
P -0.011434000 1.891632000 -1.452142000 
O -0.010387000 -2.437959000 2.290445000 
O -0.010387000 -2.437959000 -2.290445000 
O 3.179525000 -0.375569000 0.000000000 
O -3.206203000 -0.385235000 0.000000000 
C -0.011434000 -1.640274000 1.439555000 
C 2.023409000 -0.311445000 0.000000000 
C -2.049274000 -0.325285000 0.000000000 
C -0.011434000 -1.640274000 -1.439555000 
B 0.320107000 3.229180000 0.000000000 
H -1.191696000 2.225105000 2.166779000 
H -1.191696000 2.225105000 -2.166779000 
H 0.894123000 2.092442000 2.527170000 
H 0.894123000 2.092442000 -2.527170000 
H 1.498263000 3.491180000 0.000000000 
H -0.396984000 4.196575000 0.000000000 
 
[W(CO)4AsH2-BH2-AsH2]- 
Atom x y z 
W 0.000001000 0.642946000 0.000000000 
As -0.000001000 -1.605875000 1.528806000 
As -0.000001000 -1.605875000 -1.528806000 
O -0.000002000 2.815333000 2.268878000 
O -0.000002000 2.815333000 -2.268878000 
O -3.193384000 0.725260000 0.000000000 
O 3.193386000 0.725256000 0.000000000 
C -0.000001000 2.008612000 1.426648000 
C -2.036848000 0.669950000 0.000000000 
C 2.036850000 0.669948000 0.000000000 
C -0.000001000 2.008612000 -1.426648000 
B -0.000001000 -3.077676000 0.000000000 
H 1.127610000 -1.887282000 2.508005000 
H 1.127610000 -1.887282000 -2.508005000 
H -1.127614000 -1.887279000 2.508003000 
H -1.127614000 -1.887279000 -2.508003000 
H -1.014016000 -3.722484000 0.000000000 
H 1.014014000 -3.722484000 0.000000000 
 
[PH2-BH2-PH2]- 
Atom x y z 
P 0.000000000 1.728910000 -0.113009000 
B 0.000000000 0.000000000 0.898310000 
H -1.037403000 1.501063000 -1.073712000 
H 1.037403000 1.501063000 -1.073712000 
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P 0.000000000 -1.728910000 -0.113009000 
H -0.997163000 0.000000000 1.596780000 
H 0.997163000 0.000000000 1.596780000 
H 1.037403000 -1.501063000 -1.073712000 
H -1.037403000 -1.501063000 -1.073712000 
 
[AsH2-BH2-AsH2]- 
Atom x y z 
As 0.000000000 1.825760000 -0.061694000 
B 0.000000000 0.000000000 1.009344000 
H -1.101438000 1.537578000 -1.091126000 
H 1.101438000 1.537578000 -1.091126000 
As 0.000000000 -1.825760000 -0.061694000 
H -1.001989000 0.000000000 1.694809000 
H 1.001989000 0.000000000 1.694809000 
H 1.101438000 -1.537578000 -1.091126000 
H -1.101438000 -1.537578000 -1.091126000 
 
[(CO)4W(PH2-BH2-PH2)2W(CO)4]2- 
Atom x y z 
H -0.323871000 3.187396000 -1.492539000 
B -0.036489000 2.056964000 -1.173453000 
H -0.146041000 1.273806000 -2.076881000 
P -1.272846000 1.530717000 0.301223000 
H -1.591705000 2.761516000 0.933751000 
H -0.450765000 1.060069000 1.358109000 
W -3.410847000 0.022262000 0.056015000 
C -4.989503000 -1.150962000 -0.119166000 
P -1.862987000 -2.013594000 -0.588005000 
C -4.581133000 1.543176000 0.526081000 
C -3.560075000 0.498757000 -1.926301000 
C -3.254073000 -0.479887000 2.018972000 
P 1.862987000 2.013593000 -0.588001000 
H 2.507467000 2.756973000 -1.613797000 
W 3.410847000 -0.022262000 0.056015000 
H 1.961811000 3.031110000 0.401292000 
B 0.036486000 -2.056973000 -1.173471000 
H -2.507479000 -2.756978000 -1.613790000 
H -1.961800000 -3.031104000 0.401296000 
H 0.146039000 -1.273818000 -2.076901000 
H 0.323861000 -3.187408000 -1.492553000 
P 1.272848000 -1.530726000 0.301203000 
H 1.591719000 -2.761527000 0.933721000 
H 0.450766000 -1.060094000 1.358096000 
C 4.581117000 -1.543191000 0.526078000 
C 4.989514000 1.150954000 -0.119146000 
C 3.254062000 0.479886000 2.018972000 
C 3.560088000 -0.498733000 -1.926307000 
O 3.198048000 0.769297000 3.140855000 
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O 3.708509000 -0.756873000 -3.044218000 
O 5.290183000 -2.430362000 0.807636000 
O 5.936400000 1.833124000 -0.214689000 
O -3.708493000 0.756926000 -3.044206000 
O -5.936383000 -1.833138000 -0.214718000 
O -5.290202000 2.430348000 0.807631000 
O -3.198061000 -0.769289000 3.140857000 
 
[(CO)4W(AsH2-BH2-AsH2)2W(CO)4]2- (6) 
Atom x y z 
H 0.241144000 3.289259000 1.527646000 
B -0.006129000 2.152134000 1.217569000 
H 0.103757000 1.359213000 2.109685000 
As 1.343666000 1.618801000 -0.310347000 
H 1.666750000 2.951182000 -0.969463000 
H 0.485558000 1.131880000 -1.467056000 
W 3.589013000 0.084792000 -0.081791000 
C 5.179783000 -1.065406000 0.071685000 
As 1.992705000 -2.047513000 0.540542000 
C 4.735098000 1.625903000 -0.520160000 
C 3.730497000 0.529352000 1.906330000 
C 3.438144000 -0.380847000 -2.055884000 
As -1.992686000 2.047516000 0.540540000 
H -2.714798000 2.900542000 1.575904000 
W -3.589009000 -0.084768000 -0.081791000 
H -2.065023000 3.103779000 -0.554902000 
B 0.006144000 -2.152289000 1.217553000 
H 2.714832000 -2.900521000 1.575911000 
H 2.065101000 -3.103765000 -0.554906000 
H -0.103790000 -1.359487000 2.109769000 
H -0.241048000 -3.289471000 1.527487000 
As -1.343703000 -1.618873000 -0.310304000 
H -1.666915000 -2.951257000 -0.969351000 
H -0.485618000 -1.132065000 -1.467077000 
C -4.735106000 -1.625877000 -0.520134000 
C -5.179769000 1.065448000 0.071618000 
C -3.438098000 0.380815000 -2.055893000 
C -3.730528000 -0.529257000 1.906342000 
O -3.388788000 0.646733000 -3.182865000 
O -3.874310000 -0.775229000 3.027915000 
O -5.433001000 -2.527152000 -0.783169000 
O -6.137074000 1.733686000 0.154842000 
O 3.874260000 0.775367000 3.027895000 
O 6.137089000 -1.733637000 0.154949000 
O 5.432987000 2.527177000 -0.783211000 
O 3.388858000 -0.646797000 -3.182849000 
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5 Substituted Anionic Derivatives of Parent 
Pnictogenylboranes 
 
Tobias Kahoun, Christian Marquardt, Michael Bodensteiner, Alexey Y. Timoshkin, A. V. Virovets, 
Manfred Scheer. 
 
 
Abstract: We report on the synthesis and characterization of three membered organosubstituted 
anionic pnictogenylborane derivatives. Reactions of pnictogenylboranes of the type H2E-BH2-NMe3  
(2a: E = P, 2b: E = As) with pnictogen based nucleophiles of the type ME’H2 (E’ = P, As) lead to the 
formation of anionic compounds of the type M[H2E-BH2-E’H2] (E = E’ = P, M = Na; E = E’ = As, M = K; 
E = P, E’ = As, M = Na). Using organosubstituted pnictogen based nucleophiles of the type MER1R2 
(E = P, As; R1 = H, R2 = tBu; R1 = R2 = Ph) pnictogenylboranes H2E-BH2-NMe3 (2a: E = P, 2b: E = As), with 
subsequent addition of 18-crown-6 (C12H24O6) results in the asymmetric compounds 
[M(C12H24O6)][H2E-BH2-ER1R2] (3: E = P; R1 = H, R2 = tBu, M = Na; 4: E = As; R1 = H, R2 = tBu, M = Na; 
7: E = P; R1 = R2 = Ph, M = Na; 8: E = As; R1 = R2 = Ph, M = K), containing either exclusively phosphorus 
or arsenic. The corresponding group 15 element mixed derivatives of the type 
[M(C12H24O6)][H2E’-BH2-ER1R2] (5: E = As, E’ = P; R1 = H, R2 = tBu, M = Na; 9: E = P, E’ = As; R1 = R2 = Ph, 
M = Na; 10: E = As, E’ = P; R1 = R2 = Ph, M = K) can be obtained by reaction of the appropriate Lewis 
base stabilized pnictogenylboranes with substituted nucleophiles. Due to side reactions and 
decomposition of the starting material during the reaction, [H2As-BH2-tBuPH]- is only accessible as a 
BH3 coordinating derivative in form of [Na(C12H24O6)][H2As-BH2-tBuPH-BH3] (6). Additionally we report 
about the synthesis of the diphenyl substituted symmetric compound  [M(C12H24O6)][Ph2E-BH2-EPh2] 
(11: E = P, M = Na; 12: E = As, M = K) which can be seen as an inorganic, isostructural and charged 
analogs of dppm (1,1-Bis(diphenylphosphino)methane) and dpam (1,1-Bis(diphenylarsino)methane). 
All compounds were characterized by multinuclear NMR spectroscopy, mass spectrometry and IR 
spectroscopy. Additionally the molecular structure of compounds 3, 4, 6, 7, 9, 11 and 12 were 
determined by X-ray diffraction experiments. 
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5.1 Introduction 
 
Saturated pnictogen-triel-adducts as inorganic ethane analogs are used as starting material for 
versatile chemistry. Beside investigations as hydrogen storage materials[1] they reveal to be suitable 
precursors for catenation. Corresponding oligomers and polymers, containing a group 13/15 
backbone, are mainly obtained from saturated group 13/15 adducts of the type H3B-ER2H (E = N, P;  
R = H, alkyl, aryl) undergoing a metal catalyzed dehydrocoupling reaction.[2,3] The demand of catalytical 
agents can be avoided by using Lewis base (LB) stabilized phosphanylboranes of the type RR’P-BH2-LB 
(R = alkyl, aryl) instead of saturated group 13/15 adducts.[4] Such Lewis base stabilized 
pnictogenylborane derivatives are thoroughly investigated by our group. Beside the hydrogen 
substituted parent compounds H2E-BH2-NMe3 (E = P (2a), As (2b), Sb) organosubstituted analogs are 
also accessible.[4,5,6] Beside serving as substrate for polymerization these compounds reveal to be 
excellent building blocks for controlled oligomerization. Recently we reported about the synthesis of 
dimeric pnictogenboranes bearing a H2P-BH2-EH2-BH2 unit (E = P, As).[7] Focusing on cationic  13/15 
oligomers Miller and Muetterties reported on the synthesis of species containing a E-B-E 
backbone (I).[8] Using Lewis base stabilized pnicrogenylboranes our working group was able to report 
about similar compounds of the type [Me3N-BH2-(ER1R2-BH2)n-NMe3]+ (II) revealing an elongated 13/15 
unit.[5b,9]  
 
 
Those compounds show a high thermodynamic stability and especially 
[Me3N-BH2-AsR1R2-BH2-AsR1R2-BH2-NMe3]+ (R1 = R2 = H, Ph) are unique as they represent the longest 
linear arsenic boron containing oligomers so far. Anionic compounds with terminal phosphine groups 
are less investigated. Most of the known examples are represented by branched examples (type III[10] 
and IV[11]) whereas our group was able to report the synthesis of linear hydrogen substituted anionic 
chain like compounds (V and VI)[12]. 
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Comparable organosubstituted compounds with terminal BH3 groups (VII[13] and VIII[14]) are accessible 
by deprotonation of the corresponding phosphane borane adduct and subsequent coordination of one 
equivalent of BH3. 
 
 
Substituted anionic oligomers with terminal phosphine groups are unknown, except to few examples 
of the type [(R2P(BH2-PR2)n]- (IX) reported by Burg.[15] Purification of the obtained products prove 
challenging as they were only accessible as mixtures and were characterized exclusively by NMR 
spectroscopy. Additionally to the linear anionic parent compounds (V) our group was recently able to 
report about the synthesis of symmetric compounds with terminal, tert-butyl substituted phosphine 
and arsine groups.[12,6] Therefore, we investigated if the synthetic approach can be expanded to 
asymmetric organosubsituted derivatives. Here we report about the synthesis and characterisation of 
the corresponding compounds bearing one hydrogen substituted and one organosubstituted terminal 
phosphine and arsine group, respectively. Further a synthetic route to inorganic, anionic dppm 
(1,1-Bis(diphenylphosphino)methane) and dpam (1,1-Bis(diphenylarsino)methane) analogs is 
presented here. 
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5.2 Results and Discussion 
 
By reacting pnictogenylborans with hydrogen substituted phosphanides and arsenides, the parent 
anionic chain like compounds [H2E-BH2-EH2]- (E = P, As) can be obtained.[12] By switching to 
organosubstituted pnictogenides the corresponding derivatives are accessible. Here it is possible to 
synthesize asymmetric (A, B, C) and symmetric (D) compounds depending on the used Lewis base 
stabilized pnictogenylborane and pnictogenides (Scheme 5.1). For isolation and crystallization of the 
compounds the addition of stoichiometric equivalents of 18-crown-6 (X1 = C12H24O6; 3, 4, 5, 6, 7, 11, 
12) or [2.2.2]cryptand (X2 = C18H36N2O6; 8, 9, 10) to the reaction solutions is inevitable.  
 
Scheme 5.1. Synthesis of asymmetric (A - C) and symmetric (D) anionic chain like compounds; * variable content 
of THF. Yields are given in parentheses. X1 = 18-crown-6 (C12H24O6); X2 = [2.2.2]cryptand (C18H36N2O6). 
 
Sonication of NatBuPH (1a) with H2P-BH2-NMe3 (2a) leads to the formation of the corresponding 
product Na[H2P-BH2-tBuPH]. After addition of equivalent amounts of 18-crown-6 
[Na(C12H24O6)][H2P-BH2-tBuPH] (3, Scheme 5.1) can be isolated. The analog arsenic based compound 
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[Na(C12H24O6)][H2As-BH2-tBuAsH] (4, Scheme 5.1) as well as [Na(C12H24O6)][H2P-BH2-tBuAsH] 
(5, Scheme 5.1) are accessible by reaction of 1b with 2b and 2a at room temperature, respectively. 
The apparently simple reaction of NatBuPH (1a) with H2As-BH2-NMe3 (2b) does not lead to the desired 
product Na[H2As-BH2-tBuPH]. Instead the formation of tBuPH2 and decomposition of H2As-BH2-NMe3 
(2b) has been observed. Reaction of the nucleophile Na[tBuPH-BH3] with H2As-BH2-NMe3 (2b) results 
in the formation of the desired product Na[H2As-BH2-tBuPH-BH3] which is isolated as compound 6 
(B, Scheme 5.1) after addition of equivalent amounts of 18-crown-6. The nucleophile Na[tBuPH-BH3] is 
accessible by coordination of BH3 towards tBuPH2 (1a) using BH3-SMe2 and subsequent metalation with 
NaNH2 (B, Scheme 5.1).[16]  
The described synthetic procedure of so far presented anionic chain like compounds is similar for 
diphenyl substituted derivatives (C, Scheme 5.1). To obtain [Na(C12H24O6)][H2P-BH2-PPh2], a solution of 
H2P-BH2-NMe3 (2a) is sonicated with NaPPh2 (1c). Addition of 18-crown-6 to the reaction solution leads 
to formation of [Na(C12H24O6)][H2P-BH2-PPh2] (7, Scheme 5.1). The arsenic based analog compound 
[K(C18H36N2O6)][H2As-BH2-AsPh2] (8, Scheme 5.1) as well as the phosphorus and arsenic mixed 
compound [K(C18H36N2O6)][H2P-BH2-AsPh2] (10, Scheme 5.1) are only accessible by reaction of the 
corresponding starting meterials (8: 2b + 1d; 10: 2a + 1d) at 60 C° (8) and 70 °C (10), respectively. For 
the synthesis of compounds [Na(C18H36N2O6)][H2As-BH2-PPh2] (9, Scheme 5.1) the addition of  NaPPh2 
(1c) to H2As-BH2-NMe3 (2b) at room temperature is sufficient. Adding 18-crown-6 instead of 
[2.2.2]cryptand to reaction solutions of compound 8-10 results in oily products. 
After the addition of diphenyl-pnictogenylboranes Ph2E-BH2-NMe3 (E = P, As) to diphenyl substituted 
pnictogen based nucleophiles MEPh2 (1c, E = P, M = Na; 1d, E = As, M = K) no reaction has been 
observed, despite various reaction conditions have been tested. Adding 1c and 1d to a solution of 
IBH2-SMe2 in a 2:1 stoichiometry at -80 °C and allowing to reach room temperature leads to the 
expected product Na[Ph2P-BH2-PPh2] and K[Ph2As-BH2-AsPh2], respectively (D, Scheme 5.1). Addition 
of equivalent amounts of 18-crown-6 to the reaction solutions results in formation of the compounds 
11 and 12. 
According to heteronuclear NMR spectroscopy of the crude reaction solutions, compounds 4, 8, 9, 10 
and 12 are accessible without the formation of side products. For compound 6 the additional formation 
of the anionic species [H3B-tBuPH-BH3]- can be observed. During the synthesis of compounds 5 and 11 
signals related to minor inpurities that are not further determind can be detected. Samples of the 
purified and isolated compounds 3-12 are investigated by heteronuclear NMR spectroscopy. In the 
31P NMR spectra of the tert-butyl substituted compounds 3 and 5 the signals related to the PH2 groups 
are slightly high field shifted compared to the parent compound [H2P-BH2-PH2]-. This shift is even 
stronger for the diphenyl substituted compounds 7 and 10. In the 11B NMR spectra an analog trend can 
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be observed for the signals of the BH2 groups compared to the parent compounds [H2E-BH2-EH2]- 
(E = P, As).  While the tert-butyl substituted derivatives 3, 4 and 5 reveal only a slight shift to the lower 
field, the diphenyl substituted derivatives 7, 8, 9 and 10 again show a significantly greater shift to the 
higher field.[12] For compound 6 the shift is reversed to the observed trend, here the signal of the BH2 
group occurs at -36.6 ppm (Table 5.1). 
Table 5.1. NMR parameters of compounds 3 - 12 and [H2E-BH2-EH2]- (E = P, As)[12]. 
Compound δ(31P) 
PaH2  
[ppm] 
δ(31P) 
PbR1R2 
[ppm] 
1JP,H a/b  
[Hz] 
δ(11B) 
BaH2  
[ppm] 
δ(11B) 
BbH3  
[ppm] 
1JB,H a/b  
[Hz] 
1JB,P a/b 
[Hz] 
[H2P-BH2-PH2]- 
[H2As-BH2-AsH2]- 
-175.0 
- 
- 
- 
172.0 
- 
-34.7 
-34.5 
- 
- 
99 
106  
26 
- 
3 -188.8 -32.9 173 / 177 -33.8 - 97 / - 27 / - 
4 - - - -32.6 - 105 / - - 
5 -189.3 - 174 / - -32.9 - 100 / - 26 / - 
6 - 5.7 - / 302 -36.6 -40.5 102 / 93 69 / 56 
7 -203.3 -15.2 173 / - -29.1 - 98 / - - 
8 - - - -28.0 - 106 / - - 
9 - -16.7 - -28.9 - 100 / - - 
10 -202.9 - 174 / - -28.0 - 99 / - 23 / - 
11 - -27.7 - -21.1 - 95 / - - 
12 - - - -19.6 - 102 / - - 
 
For all compounds the 1JB,H coupling constants are similar to the values of the parent compounds 
[H2E-BH2-EH2]- (E = P, As). Contrary to this the values of the 1JP,H and 1JB,P coupling constants of 6 are 
increased compared to the other compounds as well as [H2E-BH2-EH2]- (E = P, As) (Table 5.1). This 
deviation can be explained by the cooridination of the additional BH3 group. 
While the terminal PH2 groups of compounds 7 and 10 each occur as a broad doublet (1JH,P = 173 Hz 
(7), 174 Hz (10)) in the 1H NMR spectra, the signals of each PH2 group belonging to 3 and 5 show two 
sets of signals in form of broad doublets. This effect is caused by the chiral center located at the tert-
butyl substituted pnictogen atom in 3 and 5, indicating two enationmers.[6] A similar effect can be 
observed for the pnictogen bonded hydrogen atom belonging to the tBuAsH group in compound 5.  
Despite the chirality of compounds 3-6 only the signals of the BH2 groups belonging to compounds 4 
and 6 occur as a doublet of signals. The signals of the terminal AsH2 groups in compounds 4, 6, 8 and 
9 occur as multiplets in a slightly negative ppm range (-0.16 ppm (4), -0.08 ppm (6), -0.23 ppm (8),  
-0.26 ppm (9)), indicating the hydridic character of the hydrogen atoms. 
Crystals of the products can be obtained by storing saturated THF-solution layered with n-hexane 
(3, 4, 5, 6), diethyl ether (8, 9, 10, 11, 12) or storing saturated THF/n-hexane solutions (7) at -28 °C. 
Single crystals suitable for X-ray diffraction could be obtained for compounds 3, 4, 6, 7, 9, 11 and 12.  
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Figure 5.1 Molecular structure of the anions in 3, 4 and 6. Hydrogen atoms bond to carbon and cation are omitted 
for clarity. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] and angles [°]: 3: P1-B 
1.975(2) – 1.979(2), P2-B 1.951(3) – 2.037(7), P1-B-P2 107.8(2) – 112.3(1), B1-P2-C1 103.1(3) – 106.9(1); 4: As1-B 
2.022(6) – 2.065(5), As2-B 2.073(6) – 2.122(5), As1-B-As2 105.7(3) – 108.7(2), B1-As2-C1 103.1(2) – 105.0(2); 6: 
As-B 2.079(3), P-B 1.917(4) – 1.969(4), P-B2: 1.941(8) – 1.950(8), As-B1-P 108.5(2) – 111.5(2), B1-P-C 
108.1(2) – 110.6(2), B1-P-B2 115.5(4) – 117.8(4). 
 
Compounds 3, 4 and 6 crystalize in the centrosymmetric space group P1̅. The solid state structures of 
3, 4 and 6 show disorder revealing two enantiomers. A ratio of 60:40 can be determined for the two 
enantiomers R:S in case of 3 and 4. For 6 a ratio of 51:49 can be determined. 
Table 5.2. Selected bond lengths and angles of compound 3, 4, 6. For convenience the corresponding bond 
lengths and angles in the parent compounds [H2E-BH2-EH2]-[12], Me3N-BH2-tBuPH-BH3[17] and [tBuEH-BH2-tBuEH]- 
(E = P, As)[6] are also given (labeling according to Figure 5.1). 
Compound E1-B1  
[Å] 
E2-B1  
[Å] 
E1-B1-E2  
[°]  
B1-E2-C  
[°] 
E2-B2  
[Å] 
B1-E2-B2 
[°] 
[H2P-BH2-PH2]- 
(E = P) 
1.960(3) – 
1.963(3) 
- 110.4(1) - - - 
[tBuPH-BH2-tBuPH]- 
(E = P) 
- 
1.943(4) – 
1.973(9) 
106.8(3) –  
109.7(4) 
108.1(2) – 
108.8(2) 
- - 
3 
(E = P) 
1.975(2) –
1.979(2) 
1.951(3) –  
2.037(7) 
107.8(2) –  
112.3(1) 
103.1(3) – 
106.9(1) 
- - 
BH3- tBuPH-BH2-
NMe3 (E = P) 
- 1.964(2) - 105.25(8) 1.946(2) 122.61(9) 
6 
(E = P) 
2.079(3) 
1.917(4) – 
1.969(4) 
108.5(2) –  
111.5(2) 
108.1(2) – 
110.6(2) 
1.941(8) – 
1.950(8) 
115.5(4) – 
117.8(4) 
[H2As-BH2-AsH2]- 
(E = As) 
2.062(2) – 
2.126(2) 
- 
109.47(2) – 
110.99(2) 
- - - 
[tBuAsH-BH2-tBuAsH]- 
(E = As) 
- 
2.066(4) – 
2.100(4) 
100.9(2) –  
104.6(2) 
103.6(1) –  
105.0(2) 
- - 
4 
(E = As) 
2.022(6) –  
2.065(5) 
2.073(6) –  
2.122(5) 
105.7(3) –  
108.7(2) 
103.1(2) –  
105.0(2) 
- - 
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Comparing the determined pnictogen boron bond lengths in compound 3, 4 and 6 with literature 
known compounds, all values are quite similar. The E1-B1-E2 angle in compound 3, 4 and 6 are closer 
to the values of the parent compounds [H2E-BH2-EH2]- than to the acute angles of the substituted 
derivatives [tBuEH-BH2-tBuEH]- (E = P, As) (Table 5.2).[12,6] 
Due to the synperiplanar arrangement of the two tert-butyl groups within the compounds 
[tBuEH-BH2-tBuEH]- (E = P, As) a reduction of the E-B-E angle is favored to increase the distance between 
the sterically demanding substituents. In compound 3, 4 and 6, with only one organic substituent, the 
angle is more relaxed. This effect can also be observed by comparing the values of the B-P-C angle in 
compound 3 with [tBuPH-BH2-tBuPH]-.[6] In compound 4 the analog angle is almost identical to the one 
of [tBuAsH-BH2-tBuAsH]-.[6] This can be explained by larger distance between the substituents resulting 
from the longer pnictogen boron bonds. For 6 the B1-P-B2 angle is slightly reduced compared to the 
corresponding angle in Me3N-BH2-tBuPH-BH3 (Table 5.2).[17]  
 
Figure 5.2. Molecular structure of the anions of 7 and 9. Hydrogen atoms bond to carbon and cation are omitted 
for clarity. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] and angles [°]: 7: P1-B 
1.973(2), P2-B 1.965(2), P1-B-P2 111.36(8); 9: As-B 2.02(3) – 2.12(3), P-B 1.88(2) – 1.97(1), As-B-P 
111.3(5) – 122.0(1); 11: P-B 1.976(3) – 1.982(3), P-B-P 118.3(1); 12: As-B 1.928(8) – 2.014(7), As-B-As 
114.5(5) – 119.9(5). 
 
While in compound 7 the P1-B bond length is slightly elongated in comparison to the parent compound 
[H2P-BH2-PH2]-, the AsH2-BH2 bond in 9 is quite similar to the one in [H2As-BH2-AsH2]-.[12] The bond 
length between the substituted phosphine (PPh2) and borane groups (BH2) in compound 7, 9 and 11 
are very close to values known from Ph2P-BH2-NMe3 and [H2P-BH2-PH2]-.[4,12] The Ph2As-BH2 bond 
length in compound 12 is slightly shortened in comparison to Ph2As-BH2-NMe3 (Table 5.3).[5b]  
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Table 5.3. Selected bond lengths and angles of compound 7, 9, 11, 12. For convenience the corresponding bond 
lengths and angles in the parent compounds [H2E-BH2-EH2]- (E = P, As)[12] and Ph2E-BH2-NMe3 (E = P[4], As[5b]) are 
also given (labeling according to Figure 5.2). 
Compound EH2-BH2 [Å] Ph2E-B [Å] E-B-E [°] 
[H2P-BH2-PH2]- 1.960(3) – 1.963(3) - 110.4(1) 
Ph2P-BH2-NMe3 - 1.975(2) 112.4(2) 
7 1.983(2) 1.965(2) 111.36(8) 
9 2.02(3) – 2.12(3) 1.88(2) – 1.97(1) 111.3(5) – 114.5(6)[18] 
11 - 1.976(3) – 1.982(3) 118.3(1) 
[H2As-BH2-AsH2]- 2.062(2) – 2.126(2) - 109.47(2) – 110.99(2) 
Ph2As-BH2-NMe3 - 2.098(8) 111.2(5) 
12 - 1.928(8) – 2.014(7) 114.5(5) – 119.9(5) 
 
The angle between the pnictogen atoms in compound 7 is in between the values of the parent 
compound [H2P-BH2-PH2]- and Ph2P-BH2-NMe3.[12,4] The molecular structure of compound 9 reveals an 
E-B-E angle with values between 111.3(5) - 114.5(6)° which indicates a slightly widening according to 
[H2P-BH2-PH2]- and the corresponding Lewis base stabilized pnicotgenylborane.[12,4] For compounds 11 
and 12 the E-B-E angles are stronger widend than in [H2E-BH2-EH2]- and Ph2E-BH2-NMe3 (E = P, As) what 
is owed the sterically demanding phenyl substituents on both pnictogen atoms (Table 5.3).[12,4,5b] In the 
solid state for all compounds a synclinal arrangement along the BH2-ER1R2-axis can be observed. 
Additionally an antiperiplanar arrangement along the EH2-BH2 axis can be observed for compounds 3, 
4, 6 and 7, while the solid state structure of 9 reveals a synclinal conformation instead. Further an 
antiperiplanar conformation can be observed along the tBuPH-BH3-axis of compound 6.  
 
5.3 Conclusion 
 
Reacting Lewis base stabilized pnictogenylboranes with substituted pnictogenid salts leads to the 
linear, three membered, anionic chain like compounds in good yields. Depending on the combination 
of the starting material not only phosphorus or arsenic containing compounds but also derivatives 
containing both different pnictogen atoms are accessible in an easy way. Offering two coordination 
sites on both pnictogen atoms the here presented asymmetric compounds 3, 4, 5, 6, 7, 8, 9, 10 are 
interesting candidates for coordination chemistry. Additionally the synthesis of the first 
1,1-Bis(diphenylphosphino)borate (11) and 1,1-Bis(diphenylarsino)borate (12) is presented. 
Compounds 11 and 12 are isostructural to dppm (1,1-Bis(diphenylphosphino)methane) and dpam  
(1,1-Bis(diphenylarsino)methane). As negatively charged inorganic analogs of these established ligands 
compounds 11 and 12 are promising alternatives offering different properties. The coordination 
behavior of these compounds is in focus of current investigations.  
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5.5 Experimental Section 
5.5.1 Synthetic Procedures 
 
All manipulations were performed under an atmosphere of dry argon/ nitrogen using standard 
glove-box and Schlenk techniques. All solvents were degassed and purified by standard procedures. 
The compounds H2E-BH2-NMe3 (E = P, As)[1], KAsPh2[2], were prepared according to literature 
procedures. Other chemicals were obtained from STREM Chemicals, INC. (PPh2H). NaPPh2 was firstly 
synthesised in 2015 without further characterisation.[3] 
The NMR spectra were recorded on either an Avance 400 spectrometer (3, 4, 5, 6, 7, 8, 9, 10, 11, 12) 
(1H: 400.13 MHz, 31P: 161.976 MHz, 11B: 128.378 MHz, 13C{1H}: 100.623 MHz) with δ [ppm] referenced 
to external SiMe4 (1H, 13C), H3PO4 (31P), BF3·Et2O (11B) or an Avance III HD 600 spectrometer (4)  
(1H: 600.13 MHz).  
IR spectra were recorded either on a DIGILAB (FTS 800) FT-IR spectrometer (3, 5, 6, 7, 8) or a Thermo 
Scientific (NICOLET iS 5, iD1 Transmission) FT-IR spectrometer (4, 9, 10, 11, 12) with ṽ [cm-1]. Mass 
spectra were recorded either on a ThermoQuest Finnigan TSQ 7000 (3, 7; Mass-Spectrometry-
Department, University of Regensburg) or a Waters/Micromass LCT-TOF classic (4, 5, 6, 8, 9, 10, 11, 
12; Mass Spectrometer in Working group) (ESI-MS). 
The C, H, N analyses were measured on an Elementar Vario EL III apparatus (3, 4, 5, 6, 7, 8, 9, 10, 11, 
12). 
General remarks for C, H, N analyses: 
C, H, N analyses were carried out repeatedly. Different amounts of coordinating THF have been found 
in nearly all cases. Total removal of the THF was not always possible, however C, H, N analyses are in 
good agreement with the expected values considering a varying THF-content (0.5 % tolerance). 
 
Synthesis of NaPPh2 (1c): 1.74 mL (1.860 g, 10 mmol) Ph2PH is added to a suspension of 390 mg 
(10.00 mmol) NaNH2 in 10 mL THF at -50°C. The solution is stirred for 5 h at room temperature, until 
all NaNH2 is consumed. A clear red solution is obtained which is degassed three times to remove NH3. 
The solution is used as a 1 M stock solution of NaPPh2 in THF.  
Yield of [NaPPh2]: (100 %, according to 31P NMR).  
31P NMR (C6D6, 25 °C): δ = -27.2 (s, PPh2). 
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31P{1H} NMR (C6D6, 25 °C): δ = -27.2 (s, PPh2). 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-tBuPH] (3(thf)2):  
A solution of 106 mg (1.00 mmol) H2P-BH2-NMe3 in 2 mL toluene is added to a solution of 112 mg  
(1.00 mmol) NatBuPH in 20 ml THF. After sonication of the mixture for 2.5 h, the solution is filtrated 
onto 264 mg (1.00 mmol) solid C12H24O6 (18-crown-6). The solution is layered with 60 mL of n-hexane. 
3(thf)2 crystallizes at 4 °C as colourless blocks. The solvent is decanted, the crystals are separated, 
washed with cold n-hexane (0 °C, 3 × 5 mL) and dried in vacuo.  
Yield of [Na(C12H24O6)(thf)0.15][H2P-BH2-tBuPH] (3(thf)0.15): 374 mg (86%).  
1H NMR (THF-d8, 25 °C): δ = 0.65 (dm, 1JHa,P = 173 Hz, 1H, PHaHb), 0.79 (dm, 1JHb,P = 173 Hz, 1H, PHaHb), 
1.07 (d, 3JH,P = 9 Hz, tBu),  1.22 (m, 2H, BH2), 1.76 (dm, 1JH,P = 177 Hz, 1H,  tBuPH), 3.64 (s, 24H, C12H24O6).  
31P NMR (THF-d8, 25 °C): δ = -188.0 (t, br, 1JP,H = 173 Hz, PH2), –32.9 (d, br, 1JP,H = 177 Hz, PtBuH).  
31P{1H} NMR (THF-d8, 25 °C): δ = -188.8 (m, PH2), –32.9 (m, PtBuH).  
11B NMR (THF-d8, 25 °C): δ = -33.8 (tt, 1JB,P = 27 Hz, 1JB,H = 97 Hz, BH2).  
11B{1H} NMR (THF-d8, 25 °C): δ = -33.8 (t, 1JB,P = 27 Hz, BH2).  
13C{1H} NMR (THF-d8, 25 °C): δ = 27.2 (dd, 1JC,P =15 Hz, 3JC,P = 5 Hz, C(CH3)3), 33.8 (d, 2JC,P = 10 Hz, CH3), 
70.6 (s, C12H24O6).  
IR (KBr): ~  = 2902 (vs, CH), 2316 (s, br, BH), 2240 (s, PH), 1975 (w), 1627 (br, w), 1471 (m), 
1464 (m),1353 (s), 1285 (m), 1251 (s), 1109 (vs, CO), 962 (s), 837 (m), 711 (w), 530 (w). 
ESI-MS (THF) anion: m/z = 135 (48 %, [H2P-BH2-tBuPH]-), 181 (100 %,[PH2-BH2-H2P-BH2-tBuPH]-), 
227 (15%, [HtBuP-BH2-PH2-BH2-PH2-BH2-PH2]-). 
Elemental analysis (%) calculated for C16H38BNaO6P2(thf)0.15 (3(thf)0.15): C: 46.00, H: 9.12; found: 
C: 46.06, H: 9.02. 
 
Synthesis of [Na(C12H24O6)(thf)2][H2As-BH2-tBuAsH] (4(thf)2): 
A solution of 79 mg (0.50 mmol) H2As-BH2-NMe3 in 1 ml toluene is added to a solution of 78 mg 
(0.50 mmol) NatBuAsH in 5 ml THF at room temperature and stirred for 16 h. The solution is filtrated 
onto 125 mg (0.47 mmol) solid C12H24O6 (18-crown-6) and layered with 25 ml n-hexane. 4(thf)2 
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crystallizes at -28 °C as colorless blocks. The solvent is decanted, the crystals are separated, washed 
with cold n-hexane (-30 °C, 3 x 10 ml) and dried in vacuo.  
Yield of [Na(C12H24O6)(thf)0.75][H2As-BH2-tBuAsH] (4(thf)0.75): 186 mg (71%). 
1H NMR (THF-d8, 25 °C): δ = -0.16 (m, 2H, AsH2), 1.16 (m, 1H, tBuAsH), 1.17 (s, 9H, tBu),  
1.33 (m, 1H, BHaHb), 1.60 (m, 1H, BHaHb), 3.64 (s, 24H, C12H24O6). 
11B NMR (THF-d8, 25 °C): δ = -32.6 (t, 1JB,H = 105 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -32.6 (s, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 26.2 (s, C(CH3)3), 34.6 (s, CH3), 70.6 (s, C12H24O6). 
IR (KBr): ṽ = 2901 (vs, CH), 2746 (vw), 2724 (vw), 2692 (vw), 2354 (s, BH), 2045 (s, AsH), 1736 (vw), 
1689 (vw), 1608 (w), 1581 (w), 1470 (m), 1454 (m), 1413 (w), 1352 (vs), 1299 (w), 1284 (w), 1249 (m), 
1108 (vs, CO), 962 (s), 836 (m), 789 (vw), 770 (vw), 726 (vw), 659 (vw), 589 (vw), 529 (vw), 479 (vw). 
ESI-MS (THF) anion: m/z = 222.9 (100%, [H2As-BH2-tBuAsH]-). 
Elemental analysis (%) calculated for C16H38As2BNaO6(thf)0.75 (4(thf)0.75): C: 40.44, H: 7.86; found:  
C: 40.41, H: 7.72. 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-tBuAsH] (5(thf)2): 
A solution of 52 mg (0.50 mmol) H2P-BH2-NMe3 in 1 ml toluene is added to a solution of 78 mg 
(0.50 mmol) NatBuAsH in 5 ml THF at room temperature and stirred for 16 h. The solution is filtrated 
onto 127 mg (0.48 mmol) solid C12H24O6 (18-crown-6) and layered with 20 ml of n-hexane. 5(thf)2 
crystallizes at -28 °C as colorless blocks. The solvent is decanted, the crystals are separated, washed 
with cold n-hexane (-30 °C, 2 x 10 ml) and dried in vacuo.  
Yield of [Na(C12H24O6)(thf)0.2][H2P-BH2-tBuAsH] (5(thf)0.2): 150 mg (65%). 
1H NMR (THF-d8, 25 °C): δ = 0.84 (dm, 1JHa,P = 174 Hz, 1H, PHaHb), 0.93 (dm, 1JHb,P = 174 Hz, 1H, PHaHb), 
1.06 (m, 0.5H, AsHa), 1.15 (m, 0.5H, AsHb), 1.15 (q, br, 1JH,B = 100 Hz, 2H, BH2), 1.17 (s, 9H, tBu), 3.64 
(s, C12H24O6).  
31P NMR (THF-d8, 25 °C): δ = -189.3 (tm, 1JP.H = 174 Hz, PH2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -189.3 (q, 1JP.B = 26 Hz, PH2). 
11B NMR (THF-d8, 25 °C): δ = -32.9 (td, 1JB,H = 100 Hz, 1JB,P = 26 Hz, BH2). 
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11B{1H} NMR (THF-d8, 25 °C): δ = -32.9 (d, 1JB,P = 26 Hz, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 34.1 (s, C(CH3)3), 34.7 (s, CH3), 70.6 (s, C12H24O6). 
ESI-MS (THF) anion: m/z = 179.0 (100%, [H2P-BH2-tBuAsH]-), 225.0 (15%, H2P-BH2-tBuAsH-BH2-PH2]-) 
Elemental analysis (%) calculated for C16H38AsBNaO6P(thf)0.2 (5(thf)0.2): C: 41.94, H: 8.30; found:  
C: 42.09, H: 8.23. 
 
Synthesis of NatBuPH-BH3: 
0.1 ml (76 mg, 1.00 mmol) BH3-SMe2 are added to a solution of 0.13 ml (90 mg, 1.00 mmol) tBuPH2 in 
3 ml THF at room temperature and stirred for 16 h. Subsequently 32 mg (1.33 mmol) NaH are added 
and the suspension is stirred for 16 h. The suspension is filtrated and degassed three times to remove 
H2. 
Yield of NatBuPH-BH3: (91%, according to 31P NMR). 
31P NMR (THF + C6D6-cappilary, 25 °C): δ = -58.2 (d, br, 1JP,H = 192 Hz, tBuPH). 
31P{1H} NMR (THF + C6D6-cappilary, 25 °C): δ = -58.2 (q, , 1JP,B = 33 Hz, tBuPH). 
11B NMR (THF + C6D6-cappilary, 25 °C): δ = -37.8 (qd, 1JB,H = 87 Hz, 1JB.P = 33 Hz, BH3). 
11B{1H} NMR (THF + C6D6-cappilary, 25 °C): δ = -37.8 (d, 1JB.P = 33 Hz, BH3). 
 
Synthesis of [Na(C12H24O6)(thf)2][H2As-BH2-tBuPH-BH3] (6(thf)2): 
150 mg (1.00 mmol) H2As-BH2-NMe3 in 1 ml toluene are added to a solution of 115 mg (0.91 mmol) 
Na[tBuPH-BH3] and stirred for 16 h at room temperature. The solution is filtrated onto 225 mg 
(0.85 mmol) C12H24O6 and all volatiles are removed in vacuo. The residue is dissolved in 4 ml THF and 
layered with 20 ml of n-hexane. 6(thf)2 cristallizes at -30 °C as colorless blocks. The solvent is decanted, 
the crystals are separated, washed with cold n-hexane (-30 °C, 2 x 5 ml) and dried in vacuo. 6(thf)2 is 
an oil at room temperature. The formation of Na[H3B-tBuPH-BH3] as a side product can be observed. 
Yield of [Na(C12H24O6)(thf)n][H2As-BH2-tBuPH-BH3] (6(thf)n): 237 mg (58%, n = 0; 45%, n = 2). 
1H NMR (THF-d8, 25 °C): δ = -0.08 (dm, 2H, AsH2), 0.35 (q, br, 1JH,B = 93 Hz, 3H, BH3),  
1.02 (q, br, 1JH,B = 102 Hz, 1H, BHaHb),1.08 (d, 4JH,P = 11 Hz, 9H, tBu), 1.21 (q, br, 1JH,B = 102 Hz, 1H, BHaHb), 
3.10 (dm, 1JH,P = 302 Hz, 1H, tBuPH), 3.63 (s, 24 H, C12H24O6). 
31P NMR (THF-d8, 25 °C): δ = 5.7 (d, 1JP,H = 302 Hz, tBuPH). 
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31P{1H} NMR (THF-d8, 25 °C): δ = 5.7 (m, tBuPH). 
11B NMR (THF-d8, 25 °C): δ = -40.5 (qd, 1JB,P = 56 Hz, 1JB,H = 93 Hz, BH3), -36.6 (td, 1JB,P = 69 Hz,  
1JB,H = 102 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -40.5 (d, 1JB,P = 56 Hz, BH3), -36.6 (d, 1JB,P = 69 Hz, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 27.0 (d, 1JC,P = 25 Hz, C(CH3)3), 29.3 (d, 2JC,P = 2 Hz, CH3),  
70.6 (s, C12H24O6). 
ESI-MS (THF) anion: m/z = 179.0 (10%, [H2As-BH2-tBuPH]-), 193.0 (100 %, [H2As-BH2-tBuPH-BH3]-). 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-PPh2] (7(thf)2):  
A solution of 106 mg (1.00 mmol) H2P-BH2-NMe3 in 2 mL toluene is added to a solution of 208 mg 
(1.00 mmol) NaPPh2 in 20 ml THF. After sonication of the mixture for 2.5 h, the solution is filtrated onto 
264 mg (1.00 mmol) solid C12H24O6 (18-crown-6). After removal of all volatiles in vacuo 7 is dissolved in 
5 mL THF and filtrated again. The solvent is removed in vacuo and 20 mL n-hexane are added to the 
white solid. THF is added drop wise until a clear colourless solution is obtained. 7(thf)2 crystallizes 
at -28 °C as colourless blocks. The solvent is decanted, the crystals are separated, washed with cold 
n-hexane (0 °C, 3 × 5 mL) and dried in vacuo. 7(thf)2 is a colourless waxy solid/oil at room temperature. 
Yield of [Na(C12H24O6)(thf)1.1][H2P-BH2-PPh2] (7(thf)1.1]): 310 mg (52%).  
1H NMR (THF-d8, 25 °C): δ = 0.71 (d, 1JH,P = 173 Hz, 2H, PH2), 1.50 (q, 1JH,B = 100 Hz, 2H, BH2). 3.56 
(s, 24H, C12H24O6), 6.86 (m, 2H,  p-Ph),  6.97 (m, 4H,  m-Ph), 7.44 (m, 4H, o-Ph). 
31P NMR (THF-d8, 25 °C): δ = -203.3 (t, 1JP,H = 173 Hz, PH2), -15.2 (s, PPh2).  
31P{1H} NMR (THF-d8, 25 °C): δ = -203.3 (s, br, PH2), -15.2 (s, PPh2).  
11B NMR (THF-d8, 25 °C): δ = -29.1 (tm, 1JB,H = 98 Hz, BH2).  
11B{1H} NMR (THF-d8, 25 °C): δ = -29.1 (s, br, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 70.6 (s, C12H24O6), 124.1 (s, p-Ph), 126.8 (d, 3JC,P = 5 Hz, m-Ph),  
134.7 (d, 2JC,P = 14 Hz, o-Ph), 150.8 (dd, 1JC,P = 26 Hz, 3JP,C = 4 Hz, i-Ph).  
IR (film, NaCl): ): ~  = 2910 (vs, CH), 2876 (vs, CH), 2320 (s, br, BH), 2267 (s, PH), 1959 (w), 1894 (w), 
1821 (vw), 1620 (w), 1579 (m), 1474 (s), 1455 (m), 1431 (m), 1353 (s), 1297 (m), 1250 (m),  
1107 (vs, CO), 1027 (m), 957 (s), 835 (m), 741 (m), 700 (s), 591 (m), 542 (w), 507 (w), 417 (w).  
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ESI-MS (THF) anion: m/z = 185 (34%, [PPh2]-), 231 (100%, [H2P-BH2-Ph2P]-), 277 (12 %, 
[H2P-BH2-Ph2P-BH2-PH2]-).  
Elemental analysis (%) calculated for C25H38BNaO6P2(thf)1.1 (7(thf)1.1]): C: 57.04, H: 7.89; found: 
C: 57.11, H: 7.79. 
 
Synthesis of [K(C18H36N2O6)][H2As-BH2-AsPh2] (8) 
A solution of 75 mg (0.50 mmol) H2As-BH2-NMe3 in 1 ml toluene is added to a solution of 156 mg 
(0.50 mmol) KAsPh2(C4H8O2)0.625 in 5 ml THF and is stirred for 16 h at 60 °C. The reaction liquid is 
filtrated on 170 mg (0.45 mmol) solid C18H26N2O6 ([2.2.2]cryptand) and layered with 25 ml of diethyl 
ether. 8 crystallizes at -28 °C as thinn orange plates. The solvent is decanted, the crystals are separated, 
washed with cold diethyl ether (-30 °C, 3 x 5 ml) and dried in vacuo. 
Yield of [K(C18H36N2O6)][H2As-BH2-AsPh2] (8): 233 mg (63%). 
1H NMR (THF-d8, 25 °C): δ = -0.23 (m, 2H, AsH2), 1.73 (q, br, 1JH,B = 106 Hz, 2H, BH2), 2.53 (t, 3JH,H = 5 Hz, 
12H, CH2N), 3.52 (t, 3JH,H = 5 Hz, 12H, CH2O), 3.57 (s, 12H, (CH2)2O), 6.88 (tm, 3JH,H = 7 Hz, 2H, p-Ph),  
6.95 (tm, 3JH,H = 7 Hz, 4H, m-Ph), 7.53 (dm, 3JH,H = 8 Hz, 4H, o-Ph).  
11B NMR (THF-d8, 25 °C): δ = -28.0 (t, 1JB,H = 106 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -28.0 (s, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 54.9 (s, CH2N), 68.5 (s, CH2O), 71.3 (s, (CH2)2O), 124.6 (s, p-Ph),  
127.1 (s, m-Ph), 135.7 (s, o-Ph), 151.2 (s, i-Ph). 
IR (KBr): ṽ = 3055 (w), 3043 (w), 2961 (m, CH), 2884 (s, CH), 2815 (m, CH) 2758 (vw), 2739 (vw), 
2359 (m, BH), 2332 (m, BH), 2039 (m, AsH), 1652 (vw), 1635 (vw)m 1577 (vw), 1475 (m), 1445 (m), 
1354 (s), 1299 (m), 1259 (m), 1242 (vw), 1131 (s), 1104 (vs, CO), 1082 (s), 949 (s), 931 (m), 831 (w), 
738 (w), 699 (w), 574 (vw), 526 (vw). 
ESI-MS (THF) anion: m/z = 318.9 (100%, [H2As-BH2-AsPh2]-). 
Elemental analysis (%) calculated for C30H50AsBKN2O6P (8): C: 49.03, H: 6.86, N: 3.81; found: C: 48.97, 
H: 6.94, N: 4.16. 
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Synthesis of [Na(C18H36N2O6)][H2As-BH2-PPh2] (9): 
A solution of 177 mg (1.0 mmol) NaPPh2 in 1 ml THF is added to a solution of 148 mg (1.0 mmol) 
H2As-BH2-NMe3 in 4 ml THF. After stirring for 16 h at room temperature the reaction liquid is filtrated 
onto 339 mg (0.9 mmol) solid C18H36N2O6 ([2.2.2]cryptand). The solution is layered with 20 ml n-hexane. 
9 crystallizes at -30 °C as orange blocks. The solvent is decanted, the crystals are separated, dried in 
vacuo and dissolved in 5 ml THF. The obtained solution is layered with 20 ml diethyl ether. 9 crystallizes 
at -30 °C as colourless blocks. The solvent is decanted, the crystals are separated, washed with cold 
diethyl ether (-30 °C, 2 x 10 ml) and dried in vacuo. 
Yield of [Na(C18H36N2O6)][H2As-BH2-PPh2] (9): 368 mg (61%). 
1H NMR (THF-d8, 25 °C): δ = -0.26 (m, 2H, AsH2), 1.69 (q, br, 1JH,B = 100 Hz, 2H, BH2), 2.60 (t, 3JH,H = 5 Hz, 
12H, NCH2), 3.54 (t, 3JH,H = 5 Hz, 12H, OCH2), 3.57 (s, 12H, O(CH2)2O), 6.89 (m, 2H, p-Ph),  
7.00 (m, 4H, m-Ph), 7.47 (m, 4H, o-Ph). 
31P NMR (THF-d8, 25 °C): δ = -16.7 (s, br, PPh2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -16.7 (m, PPh2). 
11B NMR (THF-d8, 25 °C): δ = -28.9 (t, 1JB,H = 100 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -28.9 (m, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 53.7 (s, NCH2), 68.4 (s, OCH2) , 69.3 (s, O(CH2)2O), 124 .3 (s, p-Ph), 
126.9 (d, 3JC,P = 5 Hz, m-Ph), 134.7 (d, 2JC,P = 14 Hz, o-Ph), 150.8 (d, 1JC,P = 25 Hz, i-Ph). 
IR (KBr): ~  = 3058 (w, CH), 2960 (s, CH), 2911 (s, CH), 2863 (s, CH), 2811 (s, CH), 2755 (w, CH),  
2733 (w, CH), 2698 (w, CH), 2311 (s, BH), 2221 (w), 2050 (m, AsH), 1945 (vw), 1913 (vw), 1869 (vw), 
1818 (vw), 1660 (vw), 1580 (w), 1561 (vw), 1466 (s), 1455 (s), 1438 (m), 1432 (m), 1397 (vw),  
1378 (vw), 1355 (s), 1301 (s), 1268 (m), 1235 (w), 1176 (w), 1131 (s), 1100 (vs), 1090 (vs), 1073 (s), 
1053 (m), 1036 (s), 1005 (m), 973 (w), 926 (vs), 846 (vw), 819 (s), 745 (m), 730 (m), 699 (s), 659 (w), 
583 (w), 563 (m), 532 (vw), 508 (m), 468 (w), 419 (vw). 
ESI-MS (THF) anion: m/z = 275 (100%, [H2As-BH2-PPh2]-), 365 (40%, [H2As-BH2-PPh2-BH2-AsH2]-). 
Elemental analysis (%) calculated for C30H50AsBN2NaO6P (9): C: 53.42, H: 7.47, N: 4.15; found: C: 53.40, 
H: 7.21, N: 4.13. 
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Synthesis of [K(C18N2H36O6)][H2P-BH2-AsPh2] (10): 
A solution of 105 mg (1.00 mmol) H2P-BH2-NMe3 in 2 ml toluene is added to a solution of 323 mg 
(1.00 mmol) KAsPh2(C4H8O2)0.625 in 4 ml THF and stirred for 16 h at 70 °C. The reaction liquid is filtrated 
on 370 mg (0.98 mmol) solid C18N2H36O6 ([2.2.2]cryptand) and layered with 25 ml diethyl ether. 10 
crystallizes at -28 °C as thinn red plates. The solvent is decanted, the crystals are separated, washed 
with cold diethyl ether (-30 °C, 3 x 5 ml) and dried in vacuo.  
Yield of [K(C18N2H36O6)][H2P-BH2-AsPh2] (10): 481 mg (71%). 
1H NMR (THF-d8, 25 °C): δ = 0.82 (dm, 1JH,P = 174 Hz, 2H, PH2), 1.59 (q, br, 1JH,B = 99 Hz, 2H, BH2),  
2.51 (t, 3JH,H = 5 Hz, 12H, CH2N), 3.50 (t, 3JH,H = 5 Hz, 12H, CH2O), 3.54 (s, 12H, O(CH2)2O),  
6.88 (tm, 3JH,H = 7 Hz, 2H, p-Ph), 6.96 (tm, 3JH,H = 7 Hz, 4H, m-Ph), 7.53 (dm, 3JH,H = 7 Hz, 4H, o-Ph).  
31P NMR (THF-d8, 25 °C): δ = -202.9 (tm, br, 1JP,H = 174 Hz, PH2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -202.9 (m, PH2). 
11B NMR (THF-d8, 25 °C): δ = -28.0 (td, 1JB,H = 99 Hz, 1JB,P = 23 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -28.0 (d, 1JB,P = 23 Hz, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 54.8 (s, CH2N), 68.4 (s, CH2O), 71.2 (s, (CH2)2O), 124.5 (s, p-Ph),  
126.9 (s, m-Ph), 135.6 (s, o-Ph), 151.0 (s, i-Ph). 
IR (KBr): ṽ = 3043 (vw), 2960 (w, CH), 2881 (m, CH), 2814 (m, CH) 2758 (vw), 2727 (vw), 2325 (w, BH), 
2261 (w, PH), 1634 (vw), 1575 (vw), 1558 (vw), 1475 (m), 1461 (w), 1443 (w), 1354 (m), 1298 (w),  
1259 (w), 1242 (vw), 1172 (vw), 1131 (s), 1103 (vs, CO), 1083 (s), 1023 (vw), 949 (m), 931 (m), 887 (vw), 
831 (w), 741 (w), 698 (w), (vw), 571 (vw), 526 (vw), 482 (vw), 463 (vw). 
ESI-MS (THF) anion: m/z = 274.9 (100%, [H2P-BH2-AsPh2]-). 
Elemental analysis (%) calculated for C30H50AsBKN2O6P (10): C: 52.15, H: 7.30, N: 4.05; found: C: 52.26, 
H: 6.77, N: 3.93. 
 
Synthesis of [Na(C12H24O6)(thf)2][Ph2P-BH2-PPh2] (11(thf)2): 
A solution of 202 mg (1.00 mmol) IBH2-SMe2 in 1 ml toluene is added to a solution of 410 mg 
(2.00 mmol) NaPPh2 in 8 ml thf at -80 °C. The solution is stirred for 16 h while allowed to reach room 
temperature. The yellow reaction liquid is filtrated on 185 mg (0.70 mmol) solid C12H24O6 (18-crown-6) 
and layered with 25 ml diethyl ether. 11(thf)2 crystallizes at -30 °C as colorless blocks. The solvent is 
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decanted, the crystals are separated, washed with cold diethyl ether (-30 °C, 2 x 5 ml) and dried in 
vacuo.  
Yield of [Na(C12H24O6)][Ph2P-BH2-PPh2] (11(NaI)0.07): 405 mg (85%).  
1H NMR (THF-d8, 25 °C): δ = 2.07 (m, 2H, BH2), 3.48 (s, 24 H, C12H24O6), 6.84 (m, 4H, p-Ph),  
6.93 (m, 8H, m-Ph), 7.50 (m, 8H, o-Ph).  
31P NMR (THF-d8, 25 °C): δ = -27.7 (m, PPh2). 
31P{1H} NMR (THF-d8, 25 °C): δ = -27.7 (m, PPh2). 
11B NMR (THF-d8, 25 °C): δ = -21.1 (s, br, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -21.1 (t, 1JB,H = 95 Hz, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 70.5 (s, C12H24O6), 124.2 (s, p-Ph), 126.8 (t, 3JC,P = 3 Hz, m-Ph),  
134.9 (t, 2JC,P = 9 Hz, o-Ph), 150.9 (t, 1JC,P = 8 Hz, i-Ph). 
IR (KBr): ṽ = 3062 (m), 3043 (m), 2907 (s, CH), 2872 (m), 2749 (vw), 2720 (vw), 2686 (vw),  2388 (vw), 
2304 (m, BH), 2217 (vw), 1950 (vw), 1878 (vw), 1802 (vw), 1755 (vw), 1578 (m), 1568 (vw), 1473 (s), 
1453 (m), 1430 (m), 1352 (s), 1297 (w), 1289 (w), 1249 (m), 1178 (vw), 1105 (vs, CO), 1061 (s),  
1026 (m), 960 (s), 947 (s), 862 (vw), 834 (m), 743 (s), 697 (s), 627 (vw), 502 (m), 472 (vw). 
ESI-MS (THF) anion: m/z = 383.1 (100%, [Ph2P-BH2-PPh2]-), 581.1 (20 %, [Ph2P-BH2-PPh2-BH2-PPh2]-). 
Elemental analysis (%) calculated for C36H46As2BKO6(NaI)0.07 (11(NaI)0.07): C: 63.49, H: 6.80; found:  
C: 63.26, H: 6.82. 
 
Synthesis of [K(C12H24O6)(thf)2][Ph2As-BH2-AsPh2] (12(thf)2): 
A solution of 78 mg (0.50 mmol) BrBH2-SMe2 in 1 ml toluene is added to a solution of 326 mg 
(1.00 mmol) KAsPh2·(C4H8O2)0.625 in 5 ml thf at -80 °C. The solution is stirred for 16 h while allowed to 
reach room temperature. The reaction liquid is filtrated on 264 mg (1.00 mmol) solid C12H24O6 
(18-crown-6) and layered with 30 ml diethyl ether. 12(thf)2 crystallizes at -30 °C as colorless blocks. The 
solvent is decanted, the crystals are separated, washed with cold diethyl ether (-30 °C, 2 x 4 ml) and 
dried in vacuo.  
Yield of [K(C12H24O6)][Ph2As-BH2-AsPh2] (12): 302 mg (78%). 
1H NMR (THF-d8, 25 °C): δ = 2.23 (m, 2H, BH2), 3.48 (s, 24 H, C12H24O6), 6.87 (m, 4H, p-Ph),  
6.93 (m, 8H, m-Ph), 7.55 (m, 8H, o-Ph).  
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11B NMR (THF-d8, 25 °C): δ = -19.6 (t, 1JB,H = 102 Hz, BH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -19.6 (s, BH2). 
13C{1H} NMR (THF-d8, 25 °C): δ = 70.9 (s, C12H24O6), 124.6 (s, p-Ph), 126.9 (s, m-Ph), 135.7 (s, o-Ph), 
150.5 (s, i-Ph). 
IR (KBr): ṽ = 3058 (m), 3046 (m), 2986 (w), 2945 (m), 2905 (s, CH), 2869 (s), 2824 (m), 2800 (w),  
2744 (vw), 2714 (vw), 2686 (vw),  2334 (s, BH), 2221 (vw), 1965 (vw), 1875 (vw), 1812 (vw), 1575 (s),  
1471 (s), 1451 (m), 1430 (s), 1350 (vs), 1298 (w), 1283 (m), 1248 (s), 1176 (vw), 1104 (vs, CO),  
1022 (m), 998 (vw), 960 (vs), 908 (s), 834 (s), 745 (s), 743 (s), 698 (vs) 662 (vw), 529 (vw), 513 (vw),  
486 (w), 458 (vw). 
ESI-MS (THF) anion: m/z = 470.9 (100%, [Ph2As-BH2-AsPh2]-), 713.0 (8 %,  
[Ph2As-BH2-AsPh2-BH2-AsPh2]-). 
Elemental analysis (%) calculated for C36H46As2BKO6 (12): C: 55.83, H: 5.98; found: C: 55.79, H: 5.89. 
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5.5.2 X-ray Diffraction Analysis 
 
The X-ray diffraction experiments were performed either on a GV50 diffractometer with TitanS2 
detector (3(thf)2, 4(thf)2, 6(thf)2, 11(thf)2, 12(thf)2) or a Gemini R Ultra CCD diffractometer with AtlasS2 
detector (7(thf)2, 9) from Rigaku Oxford Diffraction (formerly Agilent Technologies) applying Cu-Kα 
radiation (λ = 1.54178 Å) (3(thf)2, 4(thf)2, 6(thf)2, 7(thf)2, 9, 11(thf)2, 12(thf)2). The measurements were 
performed either at 123 K (3(thf)2, 4(thf)2, 6(thf)2, 7(thf)2, 11(thf)2, 12(thf)2) or at 293 K (9). 
Crystallographic data together with the details of the experiments are given in the  
Table S 5.1 - Table S 5.4 (see below).  
A Numerical absorption correction based on gaussian integration was performed over a multifaceted 
crystal model (3(thf)2, 4(thf)2, 6(thf)2, 11(thf)2, 12(thf)2), an analytical numeric absorption correction 
using a multifaceted crystal model based on expressions derived by R.C. Clark & J.S. Reid[4] (7(thf)2, 9) 
or an empirical absorption correction using spherical harmonics as implemented in SCALE3/ ABSPACK 
(CrysAlisPro software by Rigaku Oxford Diffraction).[5] 
All structures were solved using SIR97[6], SHELXT[7] and OLEX2[8]. Least square refinements against F2 in 
anisotropic approximation were done using SHELXL[9]. 
All non-hydrogen atoms were refined anisotropically. The hydrogen positions of the methyl groups 
were located geometrically and refined riding on the carbon atoms. Hydrogen atoms belonging to BH2, 
PH2 and AsH2 groups were located from the difference Fourier map and refined without constraints 
(12(thf)2) or with restrained X–H (X = B, P, As) distances (3(thf)2, 4(thf)2, 6(thf)2, 7(thf)2, 9, 11(thf)2). 
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5.5.3 Solid State Structures 
 
[Na(C12H24O6)(thf)2][H2P-BH2-tBuPH] (3(thf)2): 
 
3(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at 4 °C as colourless 
blocks in the triclinic space group P1. Figure S 5.1 shows the molecular structure of 3(thf)2 in solid state. 
 
 
Figure S 5.1. Molecular structure of 3(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: P1-B1: 1.975(2) – 1.979(2), P2-B1: 1.951(3) – 2.037(7), P2-C1: 
1.893(5) – 1.898(3), ∠(P1-B1-P2): 107.8(2) – 112.3(1), ∠(B1-P2-C1): 103.1(3) – 106.9(1). Top: disordered solid 
state structure of 3(thf)2; bottom left: 2 independent anions; bottom right: 2 enantiomers of the anionic part of 
3(thf)2. 
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[Na(C12H24O6)(thf)2][H2As-BH2-tBuAsH] (4(thf)2): 
 
4(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as 
colourless blocks in the triclinic space group P1. Figure S 5.2 shows the molecular structure of 4(thf)2 
in solid state. 
 
 
Figure S 5.2. Molecular structure of 4(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: As1-B1: 2.022(6) – 2.065(5), As2-B1: 2.073(6) – 2.122(5), As2-C1: 
2.005(5) – 2.010(4), ∠(As1-B1-As2): 105.7(3) – 108.7(2), ∠(B1-As2-C1): 103.1(2) – 105.0(2). Top: disordered solid 
state structure of 4(thf)2; bottom: 2 enantiomers of the anionic part of 4(thf)2. 
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[Na(C12H24O6)(thf)2][H2As-BH2-tBuPH-BH3] (6(thf)2): 
 
6(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as 
colourless blocks in the triclinic space group P1. Figure S 5.3 shows the molecular structure of 6(thf)2 
in solid state. 
 
 
Figure S 5.3. Molecular structure of 6(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: As1-B1: 2.079(3), P1-B1: 1.917(4) – 1.969(4), P1-C1: 1.824(4) – 1.935(4), 
P1-B2: 1.941(8) – 1.950(8), ∠(As1-B1-P1): 108.5(2) – 111.5(2), ∠(B1-P1-C1): 108.1(2) – 110.6(2), ∠(B1-P1-B2): 
115.5(4) – 117.8(4), ∠(B2-P1-C1): 103.8(4) – 106.5(3). Top: disordered solid state structure of 6(thf)2; bottom:  2 
enantiomers of the anionic part of 6(thf)2. 
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[Na(C12H24O6)(thf)2][H2P-BH2-PPh2] (7(thf)2): 
 
7(thf)2 crystallizes from a THF/n-hexane mixture at -28 °C as colourless blocks in the orthorhombic 
space group Pccn. Figure S 5.4 shows the molecular structure of 7(thf)2 in solid state. 
 
 
Figure S 5.4. Molecular structure of 7(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: P1-B1: 1.973(2), P2-B1: 1.965(2), P2-C1: 1.847(1), P2-C7: 1.841(1), 
∠(P1-B1-P2): 111.36(8), ∠(B1-P2-C1): 105.56(6), ∠(B1-P2-C7): 101.63(6), ∠(C1-P2-C7): 100.95(6). 
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[Na(C18H36N2O6)][H2As-BH2-PPh2] (9): 
 
9 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as colourless 
blocks in the orthorhombic space group Pbcn. Figure S 5.5 shows the molecular structure of 9 in solid 
state. 
 
 
Figure S 5.5. Molecular structure of 9 in solid state. Thermal ellipsoids are drawn with 50% probability. Selected 
bond length [Å] and angles [°]: As-B1: 2.02(3) – 2.12(3), P1-B1: 1.88(2) – 1.97(1), P1-C1/C7: 1.83(2) – 1.92(2), 
∠(As-B1-P1): 111.3(5) – 122.0(1), ∠(B1-P1-C1/C7): 101.1(4) – 109.6(1), ∠(C1-P1-C7): 97.3(1) – 103.9(1). Top: 
highly disordered solid state structure of 9; bottom left: 2 independent anions; bottom right: 4 different possible 
conformers of the anionic part of 9. 
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[Na(C12H24O6)(thf)2][Ph2P-BH2-PPh2] (11(thf)2): 
 
11(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of diethyl ether at -28 °C as 
colourless blocks in the orthorhombic space group Pbc21. Figure S 5.6 shows the molecular structure 
of 11(thf)2 in solid state. 
 
 
Figure S 5.6. Molecular structure of 11(thf)2 in the solid state. Thermal ellipsoids are drawn with 50% probability. 
Selected bond length [Å] and angles [°]: P1-B1: 1.976(3), P1-C1: 1.842(3), P1-C7: 1.843(2), P2-B1: 1.982(3), 
P2-C13: 1.845(2), P2-C19: 1.834(3), ∠(P1-B1-P2): 118.3(1), ∠(B1-P1-C1): 107.5(1), ∠(B1-P1-C7): 96.7(1), 
∠(B1-P2-C13): 96.9(1), ∠(B1-P2-C19): 107.0(1), ∠(C1-P1-C7): 99.7(1), ∠(C13-P2-C19): 99.9(1). 
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[K(C12H24O6)(thf)2][Ph2As-BH2-AsPh2] (12(thf)4): 
 
12(thf)4 crystallizes from a THF solution layered by the 3-4-fold amount of diethyl ether at -28 °C as 
colourless plates in the orthorhombic space group Pna21. Figure S 5.7 shows the molecular structure 
of 12(thf)4 in solid state. 
 
 
Figure S 5.7. Molecular structure of 12(thf)4 in solid state. Two THF-molecules in the cell are omitted for heavy 
disorder and calculated by solvent-mask-order. Thermal ellipsoids are drawn with 50% probability. Selected bond 
length [Å] and angles [°]: As1-B1: 2.014(7), As1-C1: 1.960(8), As1-C7: 1.965(7), As2-B1: 1.928(8) – 2.009(8), 
As2-C13: 1.96(2) – 2.02(2), As2-C19: 2.00(1) – 2.01(2), ∠(As1-B1-As2): 114.5(5) – 119.9(5), ∠(B1-As1-C1): 
104.2(3), ∠(B1-As1-C7): 105.0(4), ∠(B1-As2-C13): 105.6(1) – 106.4(4), ∠(B1-As2-C19): 104.7(4) – 109.6(1), 
∠(C1-As1-C7): 95.2(3), ∠(C13-P2-C19): 97.0(6) – 99.7(1). Top: disordered solid state structure of 12(thf)4; bottom: 
2 possible conformers of the anionic part of 12(thf)4. 
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5.5.4 Crystallographic Information 
 
Table S 5.1. Crystallographic data for compounds 3(thf)2 and 4(thf)2. 
 3(thf)2 4(thf)2 
Emipirical formula C24H54BNaO8P2 C24H54As2BNaO8 
Formula weight M 566.41 g/mol 654.31 g/mol 
Crystal clear colourless block clear colourless block 
Crystal size [mm³] 0.198 x 0.139 x 0.115 0.206 x 0.135 x 0.107 
Temperature T 123(2) K 123.01(12) K 
Cristal system triclinic triclinic 
Space group P1̅ P1̅ 
Unit cell dimensions a = 9.1081(2) Å a = 9.3511(6) Å 
 b = 18.5819(5) Å b = 10.4566(6) Å 
 c = 19.5284(5) Å c = 18.6365(11) Å 
 α = 88.080(2)° α = 87.953(5)° 
 β = 85.232(2)° β = 80.059(5)° 
 γ = 79.598(2)° γ = 68.250(5)° 
Volume V  3238.96(14) Å3 1666.35(18) Å3 
Formula units Z 4 2 
Absorption coefficient µCu-Kα 1.675 mm-1 2.927 mm-1 
Density (calculated) ρcalc  1.162 g/cm3 1.304 g/cm
3 
F(000) 1232 688 
Theta range θmin / θmax / θfull 2.418 / 73.743 / 67.679 ° 4.555 / 75.372 / 67.684 ° 
Absorption correction gaussian gaussian 
Index ranges -9 < h < 11 -11 < h < 11 
 -17 < k < 22 -12 < k < 10 
  -22 < l < 24  -23 < l < 23 
Reflections collected 20740 12982 
Independent reflections [I > 2σ(I)] 8966 (Rint = 0.0377) 5666 (Rint = 0.0355) 
Completeness to full θ 0.985 0.999 
Transmission Tmin / Tmax  0.805 / 0.866 0.690 / 1.000 
Data / restraints / parameters 12383 / 0 / 825 6576 / 230 / 460 
Goodness-of-fit on F² S 0.941 1.032 
Gerätetyp GV50 GV 50 
Strahlungsart (λ)  Cu (1.54178 Å) Cu (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0513 R1 = 0.0669 
 wR2 = 0.1341 wR2 = 0.1888 
Final R-values (all data)  R1 = 0.0655 R1 = 0.0732 
 wR2 = 0.1402 wR2 = 0.1967 
Largest difference hole -0.345 -0.615 
and peak Δρ 0.423 eÅ-3 0.926 eÅ-3 
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Table S 5.2. Crystallographic data for compounds 6(thf)2 and 7(thf)2. 
 6(thf)2 7(thf)2 
Emipirical formula C24H57AsB2NaO8P C32H54BNaO8P2 
Formula weight M 624.19 g/mol 662.49 g/mol 
Crystal clear colourless block clear colourless block 
Crystal size [mm³] 0.214 x 0.164 x 0.089 0.5517 x 0.1493 x 0.1165 
Temperature T 123.0(2) K 122.9(4) K 
Cristal system triclinic orthorhombic 
Space group P1̅ Pccn 
Unit cell dimensions a = 9.4763(5) Å a = 19.86405(18) Å 
 b = 10.3756(5) Å b = 19.2682(2) Å 
 c = 18.8170(9) Å c = 19.23470(16) Å 
 α = 88.515(4)° α = 90° 
 β = 81.081(4)° β = 90° 
 γ = 70.892(4)° γ = 90° 
Volume V  1726.44(16) Å3 7361.98(12) Å3 
Formula units Z 2 8 
Absorption coefficient µCu-Kα 2.203 mm-1 1.552 mm-1 
Density (calculated) ρcalc  1.201 g/cm3 1.195 g/cm3 
F(000) 668 2848 
Theta range θmin / θmax / θfull 2.378 / 74.852 / 67.684 ° 3.937 / 67.095 / 67.095 ° 
Absorption correction gaussian analytical 
Index ranges -11 < h < 11 -19 < h < 23 
 -9 < k < 12 -20 < k < 22 
 -23 < l < 23 -21 < l < 22 
Reflections collected 12941 42140 
Independent reflections [I > 2σ(I)] 5551 (Rint = 0.0225) 6023 (Rint = 0.0302) 
Completeness to full θ 0.987 0.996 
Transmission Tmin / Tmax  0.856 / 0.932 0.582 / 0.884 
Data / restraints / parameters 6670 / 294 / 505 6546 / 4 / 413 
Goodness-of-fit on F² S 1.037 1.036 
Gerätetyp GV 50 Gemini Ultra 
Strahlungsart (λ)  Cu (1.54184 Å) Cu (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0526 R1 = 0.0321 
 wR2 = 0.1331 wR2 = 0.847 
Final R-values (all data)  R1 = 0.0623 R1 = 0.0349 
 wR2 = 0.1414 wR2 = 0.0872 
Largest difference hole -0.890 -0.310 
and peak Δρ 0.404 eÅ-3 0.340 eÅ-3 
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Table S 5.3. Crystallographic data for compounds 9(thf)2 and 11(thf)2. 
 9(thf)2 11(thf)2 
Emipirical formula C30H50AsBN2NaO6P C44H62BNaO8P2 
Formula weight M 674.41 g/mol 814.67 g/mol 
Crystal clear colourless block clear colourless block 
Crystal size [mm³] 0.28 x 0.114 x 0.101 0.288 x 0.2 x 0.195 
Temperature T 293(2) K 122.99(10) K 
Cristal system orthorhombic orthorhombic 
Space group Pbcn Pbc21 
Unit cell dimensions a = 17.3350(3) Å a = 18.8526(3) Å 
 b = 43.0418(10) Å b = 15.2039(2) Å 
 c = 20.2779(4) Å c = 15.5312(3) Å 
 α = 90° α = 90° 
 β = 90° β = 90° 
 γ =  90° γ = 90° 
Volume V  15130.0(5) Å3 4451.77(13) Å3 
Formula units Z 16 4 
Absorption coefficient µCu-Kα 2.036 mm-1 1.381 mm-1 
Density (calculated) ρcalc  1.184 g/cm3 1.216 g/cm3 
F(000) 5696 1744 
Theta range θmin / θmax / θfull 3.508 / 66.796 / 66.796 ° 2.344 / 74.392 / 67.684 ° 
Absorption correction analytical gaussian 
Index ranges -12 < h < 20 -20 < h < 23 
 -49 < k < 49 -15 < k < 18 
 -23 < l < 21 -18 < l < 14 
Reflections collected 67801 21839 
Independent reflections [I > 2σ(I)] 8480 (Rint = 0.0791) 7685 (Rint = 0.0336) 
Completeness to full θ 0.967 0.996 
Transmission Tmin / Tmax  0.594 / 0.816 0.622 / 1.000 
Data / restraints / parameters 12999 / 3200 / 1412 7952 / 1 / 514 
Goodness-of-fit on F² S 1.025 1.014 
Gerätetyp Gemini ultra GV 50 
Strahlungsart (λ)  Cu (1.54184 Å) Cu (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.1230 R1 = 0.0341 
 wR2 = 0.3143 wR2 = 0.0907 
Final R-values (all data)  R1 = 0.1605 R1 = 0.0352 
 wR2 = 0.3403 wR2 = 0.0919 
Largest difference hole -0.575 0.264 
and peak Δρ 1.534 eÅ-3 -0.164 eÅ-3 
Flack parameter  0.52(2) 
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Table S 5.4. Crystallographic data for compounds 12(thf)4. 
 12(thf)4  
Emipirical formula C52H78As2BKO10  
Formula weight M 1062.89 g/mol  
Crystal clear colourless plate  
Crystal size [mm³] 0.233 x 0.16 x 0.078  
Temperature T 122.95(18) K  
Cristal system orthorhombic  
Space group Pna21  
Unit cell dimensions a = 21.7386(3) Å  
 b = 11.14057(14) Å  
 c = 22.2758(3) Å  
 α = 90°  
 β = 90°  
 γ = 90°  
Volume V  5394.77(13) Å3  
Formula units Z 4  
Absorption coefficient µCu-Kα 2.653 mm-1  
Density (calculated) ρcalc  1.131 g/cm3  
F(000) 2240  
Theta range θmin / θmax / θfull 3.969 / 80.208 / 67.684 °  
Absorption correction gaussian  
Index ranges -26 < h < 22  
 -13 < k < 13  
 -25 < l < 26  
Reflections collected 28058  
Independent reflections [I > 2σ(I)] 9778  (Rint = 0.0360)  
Completeness to full θ 0.997  
Transmission Tmin / Tmax  0.700 / 0.950  
Data / restraints / parameters 10190 / 1559 / 699  
Goodness-of-fit on F² S 1.045  
Gerätetyp GV 50  
Strahlungsart (λ)  Cu (1.54184 Å)  
Final R-values [I > 2σ(I)] R1 = 0.0647  
 wR2 = 0.1798  
Final R-values (all data)  R1 = 0.0662  
 wR2 = 0.1815  
Largest difference hole 1.498  
and peak Δρ -0.714 eÅ-3  
Flack parameter 0.16(3)  
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5.5.5 NMR Spectroscopy 
 
[Na(C12H24O6)(thf)2][H2P-BH2-tBuPH] (3(thf)2): 
 
Figure S 5.8. 11B{1H} (bottom) and 11B NMR spectrum (top) of 3 in THF-d8. 
 
Figure S 5.9. 31P{1H} (bottom) and 31P NMR spectrum (top) of 3 in THF-d8.  
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Figure S 5.10. 1H NMR spectrum of 3 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{31P} (tBuPH), 1H{31P} (PHaHb), 1H{11B} NMR (from bottom to top) of the anion. 
 
Figure S 5.11. 13C NMR spectrum of 3 in THF-d8. * = solvent (THF-d8), ** = solvent (THF). 
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[Na(C12H24O6)(thf)2][H2As-BH2-tBuAsH] (4(thf)2): 
 
Figure S 5.12. 11B{1H} (bottom) and 11B NMR spectrum (top) of 4 in THF-d8. 
 
Figure S 5.13. 1H NMR spectrum of 4 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{11B}, 1H (600 MHz) NMR (from bottom to top) of the anion. 
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Figure S 5.14. 13C NMR spectrum of 4 in THF-d8. * = solvent (THF-d8), ** = solvent (THF). 
 
[Na(C12H24O6)(thf)2][H2P-BH2-tBuAsH] (5(thf)2): 
 
Figure S 5.15. 11B{1H} (bottom) and 11B NMR spectrum (top) of 5 in THF-d8. * = [H2P-BH2-PH2]-. 
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Figure S 5.16. 31P{1H} (bottom) and 31P NMR spectrum (top) of 5 in THF-d8. * = [H2P-BH2-PH2]-. 
 
Figure S 5.17. 1H NMR spectrum of 5 in THF-d8. * = solvent (THF-d8). 
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Figure S 5.18. 13C NMR spectrum of 5 in THF-d8. * = solvent (THF-d8), ** = solvent (THF). 
 
[Na(C12H24O6)(thf)2][H2As-BH2-tBuPH-BH3] (6(thf)2): 
 
Figure S 5.19. 11B{1H} (bottom) and 11B NMR spectrum (top) of 6 in THF-d8. * = [H3B-tBuPH-BH3]-. 
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Figure S 5.20. 31P{1H} (bottom) and 31P NMR spectrum (top) of 6 in THF-d8. * = [H3B-tBuPH-BH3]-. 
 
Figure S 5.21. 1H NMR spectrum of 6 in THF-d8. * = solvent (THF-d8), ** = [H3B-tBuPH-BH3]-.  
Magnified part shows 1H, 1H{11B}, 1H{31P} NMR (from bottom to top) of the anion. 
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Figure S 5.22. 13C NMR spectrum of 6 in THF-d8. * = solvent (THF-d8), ** = solvent (THF). 
 
[Na(C12H24O6)(thf)2][H2P-BH2-PPh2] (7(thf)2): 
 
Figure S 5.23. 11B{1H} (bottom) and 11B NMR spectrum (top) of 7 in THF-d8. 
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Figure S 5.24. 31P{1H} (bottom) and 31P NMR spectrum (top) of 7 in THF-d8. 
 
Figure S 5.25. 1H NMR spectrum of 7 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{31P}, 1H{11B} NMR (right, from bottom to top) of the anion. 
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Figure S 5.26. 13C NMR spectrum of 7 in THF-d8. * = solvent (THF-d8). 
 
[K(C12H24O6)(thf)2][H2As-BH2-AsPh2] (8(thf)2): 
 
 
Figure S 5.27. 11B{1H} (bottom) and 11B NMR spectrum (top) of 8 in THF-d8.  
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Figure S 5.28. 1H NMR spectrum of 8 in THF-d8. * = solvent (THF-d8), ** solvent (THF).  
Magnified part shows 1H, 1H{11B} NMR (from bottom to top) of the anion. 
 
Figure S 5.29. 13C NMR spectrum of 8 in THF-d8. * = solvent (THF-d8). 
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[Na(C18H36N2O6)][H2As-BH2-PPh2] (9): 
 
Figure S 5.30. 11B{1H} (bottom) and 11B NMR spectrum (top) of 9 in THF-d8. 
 
Figure S 5.31. 31P{1H} (bottom) and 31P NMR spectrum (top) of 9 in THF-d8. 
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Figure S 5.32. 1H NMR spectrum of 9 in THF-d8. * = solvent (THF-d8), ** = ethyl acetate, *** = diethyl ether. 
 
Figure S 5.33. 13C NMR spectrum of 9 in THF-d8. * = solvent (THF-d8). 
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[K(C18H36N2O6)][H2P-BH2-AsPh2] (10): 
 
Figure S 5.34. 11B{1H} (bottom) and 11B NMR spectrum (top) of 10 in THF-d8. 
 
Figure S 5.35. 31P{1H} (bottom) and 31P NMR spectrum (top) of 10 in THF-d8. 
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Figure S 5.36. 1H NMR spectrum of 10 in THF-d8. * = solvent (THF-d8), ** = diethyl ether.  
Magnified part shows 1H, 1H{31P}, 1H{11B} NMR (right, from bottom to top) of the anion. 
 
Figure S 5.37. 13C NMR spectrum of 10 in THF-d8. * = solvent (THF-d8). 
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[Na(C12H24O6)(thf)2][Ph2P-BH2-PPh2] (11(thf)2): 
 
Figure S 5.38. 11B{1H} (bottom) and 11B NMR spectrum (top) of 11 in THF-d8. 
 
Figure S 5.39. 31P{1H} (bottom) and 31P NMR spectrum (top) of 11 in THF-d8. 
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Figure S 5.40. 1H NMR spectrum of 11 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{11B} NMR (right, from bottom to top) of the anion. 
 
Figure S 5.41. 13C NMR spectrum of 11 in THF-d8. * = solvent (THF-d8). 
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[K(C12H24O6)(thf)2][Ph2As-BH2-AsPh2] (12(thf)2): 
 
Figure S 5.42. 11B{1H} (bottom) and 11B NMR spectrum (top) of 12 in THF-d8. 
 
Figure S 5.43. 1H NMR spectrum of 12 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{11B} NMR (right, from bottom to top) of the anion. 
  
178 || Substituted Anionic Derivatives of Parent Pnictogenylboranes  
 
Figure S 5.44. 13C NMR spectrum of 12 in THF-d8. * = solvent (THF-d8). 
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6 Five Membered Substituted Anionic Derivatives of 
Parent Pnictogenylboranes 
 
Tobias Kahoun, Christian Marquardt, Michael Bodensteiner, A. V. Virovets, Manfred Scheer. 
 
Abstract: We report on the synthesis and characterization of anionic five membered 
organosubstituted pnictogenylborane derivatives. The reaction of three membered substituted 
anionic pnictogenylborane derivatives of the type [Na(C12H24O6)][H2E-BH2-PR1R2]  
(1a: E = P, R1 = R2 = Ph; 1b: E = As, R1 = R2 = Ph; 1c: E = P, R1 = H, R2 = tBu) with parent trimethylamine 
(NMe3) stabilized pnictogenylboranes H2E-BH2-NMe3 leads to an elongation of the pnictogen boron 
backbone. The formation of the corresponding anionic five membered chain like compounds 
[Na(C12H24O6)][H2P-BH2-PPh2-BH2-PH2] (2), [Na(C12H24O6)][H2As-BH2-PPh2-BH2-AsH2] (3), 
[Na(C12H24O6)][H2P-BH2-PPh2-BH2-AsH2] (4) and [Na(C12H24O6)][H2P-BH2-tBuPH-BH2-PH2] (5) can be 
observed. 
All compounds were characterized by single crystal X-ray diffractions as well as by multinuclear NMR 
spectroscopy, mass spectrometry and IR spectroscopy. 
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6.1 Introduction 
 
Beside carbon based organic substrates like ethylene, monomeric compounds containing group 13 and 
15 atoms reveal to be suitable alternatives for polymerizations. Over the last decades the interest in 
catenation of such compounds increases. Especially ethane analog inorganic monomers like ammonia 
borane (H3N-BH3) or substituted derivatives are used as substrates in metal catalyzed dehydrocoupling 
reactions.[1] Despite the lower thermal stability H3P-BH3 was successfully polymerized using catalytical 
amounts of B(C6F5)3.[2] High molecular weight polymers containing a P-B backbone are accessible by 
metal catalyzed dehydrocoupling reactions using saturated organosubsituted phosphinoboranes as 
substrates.[3] A route to a catalyst free polymerization was achieved by our group using 
organosubstiuted Lewis base stabilized phosphanylboranes as building blocks.[4] These unsaturated 
monomers tend to spontaneous head to tail polymerization. Corresponding polymers containing an 
arsenic boron backbone are completely unknown so far. Lower molecular weight oligomers containing 
at least a six membered nitrogen boron backbone are clearly dominated by cyclic compounds like 
borazine.[5] Beside synthesis of functionalized borazine derivatives (I)[6], the group of Pringle reported 
about the synthesis of an inorganic version of the triphenylphosphine by linking three borazinyl 
substituents to a phosphorus atom (II)[7].  
 
 
The hydrogen substituted phosphorus containing borazin analog compound, the boraphosphinine, is 
unknown so far.  Due to thermal instability investigations of this compound are restricted to theoretical 
studies.[8] An isolable boraphosphinine derivative (III) is accessible by substitution of all hydrogen 
atoms with bulkier organic residues.[9] An alternative synthetic route using less bulkier amine 
substituents is reported by Nöth and Paine (IV).[10]  
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Focusing on linear oligomers containing at least a five membered E-B-E-B-E backbone (E = N[11], 
E = P[12]) only few example are known in literature. In case of arsenic and boron containing oligomers 
neither cyclic nor linear containing compounds are known of this length with exception of the cationic 
species [Me3N-BH2-AsR1R2-BH2-AsR1R2-BH2-NMe3]I (R1 = R2 = H, Ph)[13] and an anionic chain like 
compound Na[H2As-BH2-PH2-BH2-AsH2].[14] The anionic five membered compound is accessible by 
reaction of Lewis base stabilized arsanylborane with the three membered anionic species 
Na[H2As-BH2-PH2]. We recently reported about the synthesis of corresponding three membered 
organosubstituted compounds of the type M[H2E-BH2-ER1R2] (E = P, As; R1 = H, tBu, Ph; R2 = H, Ph; 
M = Na, K).[15] Therefore, we perfomed investigations for the elongation of the 13/15 backbone of such 
organosubstituted compounds with Lewis base stabilized pnictogenylboranes. Here we present the 
controlled synthesis of linear, five membered anionic chain like compounds containing terminal arsine 
groups. 
 
6.2 Result and Discussion 
 
Reaction of H2E-BH2-NMe3 (E = P,  As) with nucleophiles of type NaPR1R2 (R1 = R2 = Ph, R1 = H, R2 = tBu) 
with subsequent addition of 18-crown-6 (C12H24O6) leads to formation of the three membered 
asymmetric anionic chain like compounds [Na(C12H24O6)][H2E-BH2-PR1R2] (1a: E = P, R1 = R2 = Ph;  
1b: E = As, R1 = R2 = Ph; 1c: E = P, R1 = H, R2 = tBu).[15] Adding equivalent amounts of H2E-BH2-NMe3 
(E = P,  As) to solutions of 1a, 1b and 1c the desired five membered derivatives are accessible in 
moderate to good yields. 
Sonication of 1a and 1b with one equivalent of Lewis base stabilized phosphanyl- and arsanylborane, 
respectively, leads to the formation of compounds 2 and 3. Stirring solutions of 1a and 1c with one 
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equivalent of H2As-BH2-NMe3 at room temperature is sufficient for the formation of compounds 4 and 
5 (Scheme 6.1). 
 
 
Scheme 6.1. Reaction of substituted three membered chain like compounds with Lewis base stabilized 
pnictogenylboranes. Isolated yields are given in parentheses. 18-c-6 = 18-Crown-6 (C12H24O6). 
 
According to heteronuclear NMR spectroscopy of the crude reaction solutions, compounds 2, 3 and 4 
are generated very selectively. During the synthesis of 5 the formation of minor side products can be 
observed. The 31P NMR spectra of the isolated products reaveal that compared to their three 
membered precursors 1a-c, the signals attributed to the PPh2 group of compound 2-4 are shifted to 
the lower field by approximately 16 ppm. In case of the tert-butyl substituted derivative 5 the observed 
low field shift is more accentuated (40 ppm). Reactions of 1a-1c with equivalent amounts of 
H2E-BH2-NMe3 (E = P, As) lead to substitution of NMe3 under formation of a new phosphorus boron 
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bond. Due to this new bond the electron density of the centered phosphorus atom is lowered resulting 
in the observed low field shift of the corresponding signal. Contrary to the shift of the signal attributed 
to the substituted secondary phosphine, the signals of the terminal PH2 groups of compound 2 and 4 
are shifted to the higher field (by approximately 17 ppm) in comparison to the starting material. The 
signal related to the PH2 group of compound 5 reveals a slightly reduced shift (approximately 14 ppm) 
compared to compounds 2 and 4. In the 11B NMR spectra for all products a low field shift of the signals 
related to the BH2 groups can be detected (Table 6.1). 
Table 6.1. NMR parameters of compounds 2-5 compared to 1a-c; [H2Pb-BcH2-PaR1R2-BdH2-AsH2]-; A: R1 = R2 = Ph; 
B: R1 = tBu, R2 = H. 
Compound PaR1R2 
[ppm] 
PbH2 
[ppm] 
1JP,H a/b 
[Hz] 
Bc/dH2 
[ppm] 
1JB,H c/d 
[Hz] 
1JB,P c/d 
[Hz] 
A 
 
1a -15.2 -203.3 173 -29.1 / - 98 - 
1b -16.7 - - -28.9 / - 100 - 
2 0.1 -219.4 181 -34.4 / - - - 
3 0.2 - - -34.5 / - 98 69 
4 -0.6 -221.1 179 
-32.3 -  
-36.7 
- - 
B 
1c -32.9 -188.8 177 / 173 -33.8 / - 97 27 
5 13.1 -203.4 180 -37.5 / 37.0 98 / 98 68 / 64 
 
In the 1H NMR spectra of compounds 2 and 4 the signals of the PH2 groups occure at approximately 
0.74 ppm, as broad doublets with similar coupling constants (2: 1JH,P = 181 Hz, 4: 1JH,P = 179 Hz). The 
signals of the AsH2 groups of compounds 3 and 4 can be observed at approximately -0.21 ppm 
indicating a hydridic character. The shift of the signals attributed to the BH2 groups of compounds 2 
and 3 slightly differs (2: 1.51 ppm, 3: 1.65 ppm). This deviation can be explained by the different 
substituents as the terminal PH2 groups in case of 2 and the AsH2 groups for 3. Compound 4 shows two 
BH2 groups, one neighbored to a PH2 group and one to an AsH2 group, leading to one signal for each 
group. The shift of both BH2 group signals is similar to the values found for compounds 2 and 3 (2: 1.51 
ppm, 3: 1.65 ppm, 4: 1.51 ppm + 1.63 ppm). 
Due to the chirality of compound 5 two sets of signals can be observed within the 1H NMR spectrum 
indicating two enantiomers. The signal of the PH2 group occur as two broad doublets with a slight shift 
to the low field in comparison to the analog signals of compounds 2 and 4 (5: 0.9 + 1.03 ppm, 
2: 0.74 ppm, 4: 0.75 ppm). Beside the shape in form of two multiplets additionally a low field shift can 
be observed for the AsH2 group in 5 compared to 3 and 4 (5: 0.00 ppm, 3: -0.20 ppm, 4: -0.22 ppm). 
For the two signals attributed to the BH2 groups of 5 a slight high field shift occur (signals located at 
1.1 ppm) in comparison to compounds 2, 3 and 4, respectively.  
Single crystals suitable for X-ray diffraction experiments are obtained for all compounds by either 
storing saturated THF/ n-hexane solutions (2), saturated THF solutions (3) or THF solutions layered with 
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n-hexane (4, 5) at -28 °C. The solid state structure of the anionic part of compounds 2-5 are shown in 
Figure 6.1. 
 
Figure 6.1. Molecular structures of the anions of 5-9 in the solid state. Hydrogen atoms bonded to carbon and 
counter ions are omitted for clarity. Thermal ellipsoids are drawn with 50% probability. Selected bond length [Å] 
and angles [°]: 2: P-B 1.940(2) – 1.965(2), P-B-P 113.1(1), B-P-B 121.124; 3: As-B 2.071(2), P-B 1.940(2), As-B-P 
113.08(8); B-P-B 121.332; 4: As-B 2.032(6), P-B 1.944(3) – 1.99(1), As-B-P 114.3(2), P-B-P 112.2(5), B-P-B 120.902; 
5: As-B 1.995(8), P-B 1.902(5) – 1.909(5), As-B-P 112.5(4), P-B-P 119.7(4), B-P-B 122.998. 
 
Compound 5 crystalizes in the centrosymmetric space group C2/c. In the solid state structure two 
enantiomers R:S can be observed due to disorder. A 50:50 ratio of the enantiomers is determind. In  
Figure 6.1 only the S enantiomer is shown. The determined geometrical parameters of compound 2-4 
are very similar to those of the starting material 1a and 1b with regards to bond lengths and angles. In 
comparison to compound 1c as well as to compounds 2-4 in compound 5 a shortened distance 
between the terminal phosphine group and the neighbored BH2 group as well as the terminal arsine 
group and its neighbored BH2 group can be observed. Additionally the P-B-P angle in compound 5 is 
widened by approximately 6° while the As-B-P angle is comparable to the values of 1b, 3 and 4  
(Table 6.2).[15] 
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Table 6.2. Comparison of selected bond length and angles of starting material (1a-c) and corresponding 
products (2-5); A: R1 = R2 = Ph, B: R1 = tBu, R2 = H)[15]. 
Compound H2P-B H2As-B PR1R2-B P-B-P As-B-P 
A 
1a 1.973(2) - 1.965(2) 111.36(8) - 
2 1.965(2) - 1.940(2) 113.1(1) - 
3 - 2.071(2) 1.940(2) - 113.08(8) 
1b - 
2.02(3) – 
2.12(3) 
1.88(2) – 
1.97(1) 
- 
111.3(5) – 
114.5(6)[16] 
4 1.99(1) 2.032(6) 1.944(3) 112.2(5) 114.3(2) 
B 
1c 
1.975(2) – 
1.979(2) 
- 
1.951(3) – 
2.037(7) 
107.8(2) – 
112.3(1) 
- 
5 1.909(5) 1.995(8) 
1.902(5) – 
1.908(5) 
119.7(4) 112.5(4) 
 
The solid state structure of compounds 2-4 reveal an antiperiplanar arrangement along the  
EH2-BH2 axis (E = P, As). Additionally a synclinal conformation can be observed along the  
BH2-PPh2 axis. Compound 5 reveals an all-antiperiplanar arrangement along all pncitogen boron axis. 
In the ESI-MS (anion mode) spectra the molecular ion peak corresponding to the anion for each 
compound has been detected. 
Sonication or heating of 1c with one equivalent of Lewis base stabilized phosphanylborane does not 
lead to the desired product [H2P-BH2-tBuPH-BH2-PH2]-. According to the 31P NMR spectrum of the 
reaction mixture only the formation of side- and decomposition products could be observed. Despite 
variating purification methods the identification or isolation of the reaction products was not 
successful. Therefore DFT calculation are performed to get a deeper insight to the energetics of the 
reaction. The reaction energies in the gas phase for both reactions indicate an exothermic reaction 
progress with -53.3 kJ·mol-1 for [H2P-BH2-tBuPH-BH2-PH2]- and -56.9 kJ·mol-1 for 
[H2P-BH2-tBuPH-BH2-AsH2]- (5 anion), respectively. According to the difference of only 3.6 kJ·mol-1 the 
formation of [H2P-BH2-tBuPH-BH2-PH2]- should be energetically favoured. With focus on the used Lewis 
base stabilized pnictogenylboranes a possible explanation for the different reaction products can be 
found. Calculations reveal, Lewis base stabilized phosphanylborane being more stable than its arsenic 
containing derivate.[17] The experimental approach proves that for the formation of 5 stirring of 
H2As-BH2-NMe3 with 1c at room temperature is sufficient. Under same reaction conditions no reaction 
can be observed with Lewis base stabilized phosphanylborane. Very probably harsher reaction 
conditions which are necessary for the reaction of 1c with H2P-BH2-NMe3 result in the formation of 
side products instead. Due to the lack of the corresponding starting material [H2As-BH2-tBuPH]- the 
synthesize of [H2As-BH2-tBuPH-BH2-AsH2]- have been excluded from the beginning.[15] 
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6.3 Conclusion 
 
In summary, a simple synthetic route is shown here to obtain oraganosubstituted five membered 
13/15 oligomers. Beside compound 2 revealing a pure phosphorus boron backbone, similar 
compounds are accessible bearing one (4, 5) or two (3) terminal arsine groups. The here presented 
compounds 2, 3, 4 and 5 are a substantial contribution to enlarge the variety of linear inorganic 
oligomers containing at least a five membered 13/15 backbone. Additionally compounds 3, 4 and 5 
enlarge the number of 13/15 oligomers containing at least one terminal arsine group. Bearing two 
coordination sites in form of terminal phosphine and arsine groups, respectively, these compounds are 
promising chelating ligands as well as linkers. The coordination behavior of the here presented five 
membered, organosubstituted, anionic pnictogenylborane derivatives is part of current investigations. 
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6.5 Experimental Section 
6.5.1 Synthetic Procedures 
 
All manipulations were performed under an atmosphere of dry argon/ nitrogen using standard 
glove-box and Schlenk techniques. All solvents were degassed and purified by standard procedures. 
The compounds H2E-BH2-NMe3 (E = P, As)[1], [Na(C12H24O6)][H2P-BH2-PPh2],[2] 
[Na(C12H24O6)][H2As-BH2-PPh2],[2] [Na(C12H24O6)][H2P-BH2-tBuPH],[2] were prepared according to 
literature procedures.  
The NMR spectra were recorded on an Avance 400 spectrometer (2, 3, 4, 5) (1H: 400.13 MHz, 
31P: 161.976 MHz, 11B: 128.378 MHz, 13C{1H}: 100.623 MHz) with δ [ppm] referenced to external SiMe4 
(1H, 13C), H3PO4 (31P), BF3·Et2O (11B).  
IR spectra were recorded either on a DIGILAB (FTS 800) FT-IR spectrometer (2, 3) or a Thermo Scientific 
(NICOLET iS 5, iD1 Transmission) FT-IR spectrometer (4, 5) with ṽ [cm-1]. Mass spectra were recorded 
either on a ThermoQuest Finnigan TSQ 7000 (2, 3; Mass-Spectrometry-Department, University of 
Regensburg) or a Waters/Micromass LCT-TOF classic (4, 5; Mass Spectrometer in Working group) 
(ESI-MS). 
The C, H, N analyses were measured on an Elementar Vario EL III apparatus (2, 3, 4, 5). 
General remarks for C, H, N analyses: 
C, H, N analyses were carried out repeatedly. Different amounts of coordinating THF have been found 
in nearly all cases. Total removal of the THF was not always possible, however C, H, N analyses are in 
good agreement with the expected values considering a varying THF-content (0.5 % tolerance). 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-Ph2P-BH2-PH2] (2(thf)2):  
A solution of 27 mg (0.25 mmol) H2PBH2·NMe3 in 0.5 mL toluene is added to a solution of 130 mg 
(0.25 mmol) [Na(C12H24O6)][H2P-BH2-PPh2] in 8 ml THF. After sonication of the mixture for 3 h, the 
solution is filtrated and all volatiles are removed under reduced pressure. The remaining solid is 
dissolved in 5 mL of THF and filtrated again. The solvent is removed and 20 mL of n-hexane are added 
to the white solid. THF is added drop wise until a clear colourless solution is obtained. 2(thf)2 
crystallises at -28 °C as colourless plates. The supernatant is decanted, the remaining crystals are 
washed with cold n-hexane (0 °C, 3 × 5 mL) and dried in vacuo.  
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Yield of [Na(C12H24O6)][H2P-BH2-Ph2P-BH2-PH2](2): 70 mg (48 %).  
1H NMR (THF-d8, 25 °C): δ = 0.74 (dm, 1JH,P = 181 Hz, 4H, PH2), 1.51 (q, 1JH,B = 105 Hz, 4H, BH2),  
3.60 (s, 24H, C12H24O6), 7.08-7.19 (m, 6H, m- & p-Ph) 7.69 (m, 4H, o-Ph).  
11B NMR (THF-d8, 25 °C): δ = -34.4 (m, BH2).  
11B{1H} NMR (THF-d8, 25 °C): δ = -34.4 (m, BH2).  
31P NMR (THF-d8, 25 °C): δ = -219.4 (tm, 1JH,P = 181 Hz, 2P, PH2), 0.1 (s, br, 1P, PPh2).  
31P{1H} NMR (THF-d8, 25 °C): δ = -219.4 (m, 2P,  PH2), 0.1 (s, br, 1P, PPh2).  
13C NMR (THF-d8, 25 °C): δ = 70.6 (s, C12H24O6), 127.3 (d, m-Ph, 3JP,C = 8 Hz), 127.7 (d, p-Ph, 4JP,C = 2 Hz), 
134.6 (d, o-Ph, 2JP,C = 6 Hz), 139.8 (d, i-Ph, 1JP,C = 36 Hz). 
IR (KBr): ~  = 2902 (vs, CH), 2826 (s, CH), 2747 (w), 2375 (s, br, BH), 2356 (s, br, BH), 2332 (s, PH),  
2279 (s, PH), 1622 (vw), 1479 (w), 1477 (w) 1453 (m), 1434 (w), 1352 (s), 1284 (w), 1251 (m), 1113 (vs, 
CO), 1028 (w), 965 (s), 837 (m), 791 (w), 775 (vw), 742 (m), 723 (w), 702 (m), 615 (vw), 531 (w),  
496 (w), 466 (w), 435 (vw).  
ESI-MS (THF): anion: m/z = 230 (75%, [Ph2P(BH2-PH2)n]- (n = 1)), 277 (100 %, [Ph2P(BH2-PH2)n]- (n = 2)), 
323 (100 %, [Ph2P(BH2-PH2)n]- (n = 3)).  
Elemental analysis (%) calculated for C24H42B2NaO6P3 (2): C: 51.04, H: 7.50; found: C: 51.14, H: 7.56. 
 
Synthesis of [Na(C12O6H24)(thf)2][H2As-BH2-PPh2-BH2-AsH2] (3(thf)2):  
A solution of 521 mg (3.5 mmol) H2As-BH2·NMe3 in 3.5 mL toluene is added to a solution of 1124 mg 
(2.0 mmol) [Na(C12O6H24)][H2As-BH2-PPh2]  in 10 mL THF. After sonication of the mixture for 2.5 h, the 
colourless solution is filtrated. After concentration 3(thf)2 crystallizes at -30 °C as colourless blocks. The 
supernatant is decanted, the remaining crystals are washed with cold n-hexane (-30 °C, 7 x 5 mL) and 
dried in vacuo.  
Yield of [Na(C12O6H24)(thf)0.5][H2As-BH2-PPh2-BH2-AsH2] (3(thf)0.45): 1.32 g (96%).  
1H NMR (THF-d8, 25°C): δ = -0.20 (m, 4H, AsH2), 1.65 (q, br, 1JH,B = 98 Hz, 4H, BH2),  
3.58 (s, C12O6H24, 24H), 7.13 (m, 6H, o-Ph, m-Ph), 7.70 (m, 2H, p-Ph).  
11B NMR (THF-d8, 25°C): δ = -34.5 (dt, 1JB,H = 98 Hz, 1JB,P = 69 Hz, BH2).  
11B{1H} NMR (THF-d8, 25°C): δ = -34.5 (d, 1JB,P = 69 Hz, BH2).  
31P NMR (THF-d8, 25°C): δ = 0.2 (s, PPh2).  
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31P{1H} NMR (THF-d8, 25°C): δ = 0.2 (s, PPh2).  
13C{1H} NMR (THF-d8, 25°C): δ = 70.5 (s, C12O6H24), 127.3 (d, m-Ph 3JC,P = 8 Hz), 127.8 (d, p-Ph 4JC,P = 2 Hz), 
134.4 (d, o-Ph, 2JC,P = 6 Hz), 139.8 (d, i-Ph, 1JC,P = 37 Hz).  
IR (KBr): 𝜈 = 3051 (w), 2900 (s, CH), 2825 (w),  2746 (vw), 2396 (s, BH), 2374 (s, BH), 2343 (s, BH),  
2221 (m, PH), 2079 (m, AsH), 1974 (vw), 1618 (vw), 1479 (m), 1471 (w), 1452 (w), 1434 (m), 1352 (s), 
1305 (w), 1284 (w), 1249 (m), 1111 (vs, CO), 1029 (w), 965 (s), 837 (m), 760 (m), 730 (m), 703 (s),  
593 (w), 502 (w), 463 (w), 429 (w).  
ESI-MS (THF): anion: m/z = 364.9 (100%, [H2As-BH2-PPh2-BH2-AsH2]-), 274.8 (17%, [AsH2-BH2-PPh2]-). 
Elemental analysis (%) calculated for C24H42As2B2NaO6P(thf)0.5 (3(thf)0.5): C: 45.33, H: 6.73; found:  
C: 45.50, H: 6.54. 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-PPh2-BH2-AsH2] (4(thf)2) 
A solution of 104 mg (0.50 mmol) NaPh2 in 4 ml THF is added to a solution of 53 mg (0.50 mmol) 
H2P-BH2-NMe3 in 1 ml toluene at room temperature. After sonication of the mixture for 6 h a solution 
of 75 mg (0.50 mmol) H2As-BH2-NMe3 in 1 ml toluene is added and stirred for 16 h at room 
temperature. The reaction liquid is filtrated on 119 mg (0.45 mmol) C12H24O6 and layered with 25 ml of 
n-hexane. 4(thf)2 crystallizes at -30 °C as colorless blocks. The supernatant is decanted, the remaining 
crystals are washed with cold n-hexane (-30 °C, 2 x 5 ml) and dried in vacuo.  
Yield of [Na(C12H24O6)][H2P-BH2-PPh2-BH2-AsH2] (4(thf)0.2): 104 mg (33%). 
1H NMR (THF-d8, 25 °C): δ = -0.22 (m, 2H, AsH2), 0.75 (dm, br, 1JH,P = 179 Hz, 2H, PH2),  
1.51 (q, br, 1JH,B = 96 Hz, 2H, BH2), 1.63 (q, br, 1JH,B = 96 Hz, 2H, BH2), 3.60 (s, 24 H, C12H24O6),  
7.11 (m, 4H, m-Ph), 7.13 (m, 2H, p-Ph), 7.69 (m, 4H, o-Ph). 
11B NMR (THF-d8, 25 °C): δ = -32.3 - -36.7 (m, BH2-PH2, BH2-AsH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -32.3 - -36.7 (m, BH2-PH2, BH2-AsH2). 
31P NMR (THF-d8, 25 °C): δ = -221.1 (t, 1JP,H = 179 Hz, PH2), -0.6 (s, br, PPh2). 
31P{1H} NMR (thf-d8, 25 °C): δ = -221.1 (d, 1JP,B = 27 Hz, PH2), -0.6 (s, br, PPh2). 
13C{1H} (THF-d8, 25 °C): δ = 70.6 (s, C12H24O6), 127.2 (d, 3JC,P = 8 Hz, m-Ph), 127.7 (t, 4JC,P = 2 Hz, p-Ph), 
134.5 (d, 2JC,P = 7 Hz, o-Ph), 139.8 (d, 1JC,P = 36 Hz, i-Ph). 
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IR (KBr): ṽ = 3072 (vw), 3051 (vw), 2901 (s), 2826 (w), 2800 (vw), 2743 (vw), 2714 (vw), 2686 (vw),  
2370 (s, PH), 2336 (s, PH), 2280 (m, BH), 2223 (vw), 2076 (s, AsH), 1976 (vw), 1616 (vw), 1482 (m),  
1471 (m), 1452 (s), 1351 (s), 1305 (vw), 1284 (w), 1249 (m), 1182 (vw), 1112 (vs), 1028 (w), 965 (s),  
836 (m), 784 (w), 754 (w), 736 (m), 720 (m), 702 (s), 678 (w), 612 (vw), 533 (vw), 503 (w), 464 (m),  
431 (vw).  
ESI-MS (THF): anion: m/z = 275.0 (100%, [H2As-BH2-PPh2]-), 321.1 (80 %, [H2P-BH2-PPh2-BH2-AsH2]-). 
Elemental analysis (%) calculated for C24H42AsB2NaO6P2(thf)0.2 (4(thf)0.2): C: 47.85, H: 7.05; found:  
C: 48.19, H: 6.87. 
 
Synthesis of [Na(C12H24O6)(thf)2][H2P-BH2-tBuPH-BH2-AsH2] (5(thf)2): 
A solution of 104 mg (0.70 mmol) H2As-BH2-NMe3 in 1 ml toluene is added to a solution of 95 mg 
(0.70 mmol) Na[tBuPH-BH2-PH2] in 4 ml THF and stirred for 16 h at room temperature. The solution is 
filtrated on 185 mg (0.70 mmol) C12H24O6 and layered with 20 ml of n-hexane. 5(thf)2 crystallizes 
at -30 °C as brown blocks. The supernatant is decanted, the remaining crystals are washed with cold 
n-hexane (-30 °C, 2 x 5 ml) and dried in vacuo. 5 is an oil at room temperature.  
Yield of [Na(C12H24O6)][H2P-BH2-tBuPH-BH2-AsH2] (5): 252 mg (70 %). 
1H NMR (THF-d8, 25 °C): δ = 0.00 (m, 2H, AsH2), 0.90 (dm, 1JH,P = 180 Hz, 1H, PHaHb),  
1.03 (dm, 1JH,P = 180 Hz, 1H, PHaHb), 0.55 - 1.70 (m, br, PH2-BH2 & AsH2-BH2), 1.13 (d, 4JH,H = 11 Hz, 9H, 
tBuPH), 3.24 (dm, 1JH,P = 306 Hz, 1H, tBuPH), 3.63 (s, 24 H, C12H24O6). 
11B NMR (THF-d8, 25 °C): δ = -37.5 (tt, 1JB,H = 98 Hz, 1JB,P = 68 Hz, BH2-PH2), -37.0 (td, 1JB,H = 98 Hz,  
1JB,P = 64 Hz, BH2-AsH2). 
11B{1H} NMR (THF-d8, 25 °C): δ = -37.5 (t, 1JB,P = 68 Hz, BH2-PH2), -37.0 (d, 1JB,P = 64 Hz, BH2-AsH2). 
31P NMR (THF-d8, 25 °C): δ = -203.4 (tm, 1JP,H = 180 Hz, PH2), 13.1 (dm, 1JP,H = 306 Hz, tBuPH). 
31P{1H} NMR (THF-d8, 25 °C): δ = -203.4 (m, PH2), 13.1 (m, tBuPH). 
13C{1H} NMR (THF-d8, 25 °C): δ = 26.2 (s, C(CH3)3), 29.6 (s, CH3), 70.6 (s, C12H24O6). 
IR (KBr): ṽ = 2936 (s, CH), 2894 (s, CH), 2866 (s, CH), 2825 (m, CH), 2796 (w), 2746 (vw), 2711 (vw),  
2689 (vw), 2353 (s, BH), 2274 (m, PH), 2055 (m, AsH), 1976 (vw), 1622 (vw), 1476 (s), 1457 (m),  
1435 (w), 1391 (vw), 1353 (s), 1286 (m), 1251 (m), 1194 (vw), 1109 (vs), 1026 (vw), 966 (vs), 868 (w), 
840 (m), 821 (w), 713 (vw), 669 (vw), 640 (vw), 526 (vw). 
ESI-MS (THF): anion: m/z = 225.0 (100%, [H2P-BH2-tBuPH-BH2-AsH2]-). 
Elemental analysis (%) calculated for C16H42AsB2NaO6P2 (5): C: 37.53, H: 8.27; found: C: 37.59, H: 8.11. 
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6.5.2 X-ray Diffraction Analysis 
 
The X-ray diffraction experiments were performed on a GV50 diffractometer with TitanS2 detector  
(3, 4, 5) or a Gemini R Ultra with Atlas detector (2) from Rigaku Oxford Diffraction (formerly Agilent 
Technologies) applying Cu-Kα radiation (λ = 1.54178 Å). The measurements were performed at 123 K 
(2, 4, 5) or at 139 K (3). Crystallographic data together with the details of the experiments are given in 
Table S 6.1 and Table S 6.2 (see below).  
A Numerical absorption correction based on gaussian integration was performed over a multifaceted 
crystal model (3, 4, 5), an analytical numeric absorption correction using a multifaceted crystal model 
based on expressions derived by Clark and Reid[3] (2) or an empirical absorption correction using 
spherical harmonics as implemented in SCALE3/ ABSPACK (CrysAlisPro software by Rigaku Oxford 
Diffraction).[4] 
All structures were solved using SIR97[5], SHELXT[6] and OLEX2[7]. Least square refinements against F2 in 
anisotropic approximation were done using SHELXL[8]. 
All non-hydrogen atoms were refined anisotropically. The hydrogen positions of the methyl groups 
were located geometrically and refined riding on the carbon atoms. Hydrogen atoms belonging to 
BH2, PH2 and AsH2 groups were located from the difference Fourier map and refined without 
constraints (3) or with restrained X–H (X = B, P, As) distances (2, 4, 5).  
  
Five Membered Substituted Anionic Derivatives of Parent Pnictogenylboranes || 195 
 
6.5.3 Solid State Structures 
 
[Na(C12H24O6)(thf)2][H2P-BH2-PPh2-BH2-PH2] (2(thf)2): 
 
2(thf)2 crystallizes from a saturated THF/ n-hexane mixture at -28 °C as colourless blocks in the 
monoclinic space group C2/c. Figure S 6.1 shows the molecular structure of 2(thf)2 in solid state. 
 
 
Figure S 6.1. Molecular structure of 2(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Atoms labeled with ‘ are generated by symmetrical operations. Selected bond length [Å] and angles [°]: P1-B1: 
1.965(2), P2-B1: 1.940(2), P1-C1: 1.825(2), ∠(P1-B1-P2): 113.1(1), ∠(B1-P2-B1’): 121.124, ∠(B1-P2-C1): 107.44(8). 
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[Na(C12H24O6)(thf)2][H2As-BH2-PPh2-BH2-AsH2] (3(thf)2): 
 
3(thf)2 crystallizes from a saturated THF solution at -28 °C as colourless blocks in the monoclinic space 
group C2/c. Figure S 6.2 shows the molecular structure of 3(thf)2  in solid state. 
 
 
Figure S 6.2. Molecular structure of 3(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Atoms labeled with ‘ are generated by symmetrical operations. Selected bond length [Å] and angles [°]: As1-B1: 
2.071(2), P1-B1: 1.940(2), P1-C1: 1.828(1), ∠(As1-B1-P1): 113.08(8), ∠(B1-P1-B1’): 121.332, ∠(B1-P1-C1): 
107.73(7). 
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[Na(C12H24O6)(thf)2][H2P-BH2-PPh2-BH2-AsH2] (4(thf)2): 
 
4(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as 
colourless blocks in the monoclinic space group C2/c. Figure S 6.3 shows the molecular structure of 
4(thf)2 in solid state. 
 
 
Figure S 6.3. Molecular structure of 4(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Atoms labeled with ‘ are generated by symmetrical operations. Selected bond length [Å] and angles [°]: P1-B1: 
1.99(1), As1-B1: 2.032(6), P2-B1: 1.944(3), P2-C1: 1.827(2), ∠(P1-B1-P2): 112.2(5), ∠(As1-B1-P2): 114.3(2), 
∠(B1 P2-B1’): 120.902, ∠(B1-P2-C1): 107.5(1). Top: disordered solid state structure of 4(thf)2; bottom: separated 
disorder of the anionic part of 4(thf)2. 
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[Na(C12H24O6)(thf)2][H2P-BH2-tBuPH-BH2-AsH2] (5(thf)2): 
 
5(thf)2 crystallizes from a THF solution layered by the 3-4-fold amount of n-hexane at -28 °C as light 
brown blocks in the monoclinic space group C2/c. Figure S 6.4 shows the molecular structure of 5(thf)2 
in solid state. 
 
Figure S 6.4. Molecular structure of 5(thf)2 in solid state. Thermal ellipsoids are drawn with 50% probability. 
Atoms labeled with ‘ are generated by symmetrical operations. Selected bond length [Å] and angles [°]: As1-B1: 
1.995(8), P2-B2: 1.909(5), P1-B1: 1.902(5), P1-B2: 1.908(5), P1-C1: 1.874(6), ∠(As1-B1-P1): 112.5(4), ∠(P2-B2-P1): 
119.7(4), ∠(B1-P1-B2): 122.998, ∠(B1-P1-C1): 112.6(3), ∠(B2-P1-C1’):114.169. Top: disordered solid state 
structure of 5(thf)2; bottom: separated disorder of the anionic part of 5(thf)2. 
  
Five Membered Substituted Anionic Derivatives of Parent Pnictogenylboranes || 199 
 
6.5.4 Crystallographic Information 
 
Table S 6.1. Crystallographic data for compounds 2(thf)2 and 3(thf)2. 
 2(thf)2 3(thf)2 
Emipirical formula C32H58B2NaO8P3 C32H58As2B2NaO8P 
Formula weight M 708.30 g/mol 796.20 g/mol 
Crystal clear colourless block clear colourless block 
Crystal size [mm³] 0.1278 x 0.1732 x 0.3264 0.143 x 0.184 x 0.24 
Temperature T 122.8(6) K 139.08(10) K 
Cristal system monoclinic monoclinic 
Space group C2/c C2/c 
Unit cell dimensions a = 18.1267(4) Å a = 18.2132(6) Å 
 b = 9.14215(14) Å b = 9.2419(2) Å 
 c = 26.0012(6) Å c = 24.5646(8) Å 
 α = 90° α = 90° 
 β = 115.213(3)° β = 106.719(4)° 
 γ = 90° γ = 90° 
Volume V  3898.34(15) Å3 3960.0(2) Å3 
Formula units Z 4 4 
Absorption coefficient µCu-Kα 1.868 mm-1 2.932 mm-1 
Density (calculated) ρcalc  1.207 g/cm3 1.335 g/cm3 
F(000) 1520 1664 
Theta range θmin / θmax / θfull 3.758 / 66.920 / 66.920° 3.758 / 74.160 / 67.684° 
Absorption correction analytical gaussian 
Index ranges -21 < h < 20 22 < h < 22 
 -10 < k < 8 -6 < k < 11 
 -31 < l < 30 -30 < l < 30 
Reflections collected 8588 7393 
Independent reflections [I > 2σ(I)] 3120 (Rint = 0.0219) 3664 (Rint = 0.0141) 
Completeness to full θ 0.984 0.990 
Transmission Tmin / Tmax  0.692 / 0.824 0.636 / 0.730 
Data / restraints / parameters 3421 / 4 / 226 3864 / 0 / 341 
Goodness-of-fit on F² S 1.028 1.054 
Diffractometer type Gemini R Ultra GV50 
Radiation type (λ)  CuKα (1.54184 Å) CuKα (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0361 R1 = 0.0270 
 wR2 = 0.0941 wR2 = 0.0717 
Final R-values (all data)  R1 = 0.0400 R1 = 0.0285 
 wR2 = 0.0976 wR2 = 0.0728 
Largest difference hole -0.347 -0.598 
and peak Δρ 0.370 eÅ-3 0.275 eÅ-3 
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Table S 6.2. Crystallographic data for compounds 4(thf)2 and 5(thf)2. 
 4(thf)2 5(thf)2 
Emipirical formula C32H58AsB2NaO8P2 C24H58AsB2NaO8P2 
Formula weight M 752.25 g/mol 656.17 g/mol 
Crystal clear colourless block clear light brown block 
Crystal size [mm³] 0.112 x 0.127 x 0.273 0.139 x 0.166 x 0.227 
Temperature T 122.96(17) K 123.00(10) K 
Cristal system monoclinic monoclinic 
Space group C2/c C2/c 
Unit cell dimensions a = 18.1956(7) Å a = 20.4271(7) Å 
 b = 9.2295(2) Å b = 8.6437(2) Å 
 c = 26.1256(10) Å c = 20.0745(6) Å 
 α = 90° α = 90° 
 β = 115.231(5)° β = 93.972(3)° 
 γ = 90° γ = 90° 
Volume V  3968.9(3) Å3 3535.95(18) Å3 
Formula units Z 4 4 
Absorption coefficient µCu-Kα 2.381 mm-1 2.591 mm-1 
Density (calculated) ρcalc  1.259 g/cm3 1.233 g/cm3 
F(000) 1592 1400 
Theta range θmin / θmax / θfull 3.741 / 74.184 / 67.684° 4.339 / 74.197 / 67.684° 
Absorption correction gaussian gaussian 
Index ranges -21 < h < 22 -25 < h < 22 
 -11 < k < 11 -10 < k < 10 
 -32 < l < 32 -23 < l < 24 
Reflections collected 11146 13139 
Independent reflections [I > 2σ(I)] 3628 (Rint = 0.0212) 3107 (Rint = 0.0368) 
Completeness to full θ 0.998 0.996 
Transmission Tmin / Tmax  0.878 / 0.938 0.657 / 0.765 
Data / restraints / parameters 3928 / 2 / 241 3502 / 218 / 349 
Goodness-of-fit on F² S 1.102 1.036 
Diffractometer type GV50 GV50 
Radiation type (λ)  CuKα (1.54184 Å) CuKα (1.54184 Å) 
Final R-values [I > 2σ(I)] R1 = 0.0484 R1 = 0.0663 
 wR2 = 0.1305 wR2 = 0.1931 
Final R-values (all data)  R1 = 0.0519 R1 = 0.0717 
 wR2 = 0.1338 wR2 = 0.2008 
Largest difference hole -0.509 -0.370 
and peak Δρ 0.586 eÅ-3 0.913 eÅ-3 
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6.5.5 NMR Spectroscopy 
 
[Na(C12H24O6)(thf)2][H2P-BH2-PPh2-BH2-PH2] (2(thf)2): 
 
Figure S 6.5. 11B{1H} (bottom) and 11B NMR spectrum (top) of 2 in THF-d8. 
 
Figure S 6.6. 31P{1H} (bottom) and 31P NMR spectrum (top) of 2 in THF-d8. 
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Figure S 6.7. 1H NMR spectrum of 2 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{31P}, 1H{11B}, NMR (from bottom to top) of the anion. 
 
Figure S 6.8. 13C NMR spectrum of 2 in THF-d8. * = solvent (THF-d8). 
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[Na(C12H24O6)(thf)2][H2As-BH2-PPh2-BH2-AsH2] (3(thf)2): 
 
Figure S 6.9. 11B{1H} (bottom) and 11B NMR spectrum (top) of 3 in THF-d8. 
 
Figure S 6.10. 31P{1H} (bottom) and 31P NMR spectrum (top) of 3 in THF-d8. 
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Figure S 6.11. 1H NMR spectrum of 3 in THF-d8. * = solvent (THF-d8). 
 
Figure S 6.12. 13C NMR spectrum of 3 in THF-d8. * = solvent (THF-d8). 
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[Na(C12H24O6)(thf)2][H2P-BH2-PPh2-BH2-AsH2] (4(thf)2): 
 
Figure S 6.13. 11B{1H} (bottom) and 11B NMR spectrum (top) of 4 in THF-d8. 
 
Figure S 6.14. 31P{1H} (bottom) and 31P NMR spectrum (top) of 4 in THF-d8. 
206 || Five Membered Substituted Anionic Derivatives of Parent Pnictogenylboranes  
 
Figure S 6.15. 1H NMR spectrum of 4 in THF-d8. * = solvent (THF-d8).  
Magnified part shows 1H, 1H{31P}, 1H{11B}, NMR (from bottom to top) of the anion. 
 
Figure S 6.16. 13C NMR spectrum of 4 in THF-d8. * = solvent (THF-d8). 
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[Na(C12H24O6)(thf)2][H2P-BH2-tBuPH-BH2-AsH2] (5(thf)2): 
 
Figure S 6.17. 11B{1H} (bottom) and 11B NMR spectrum (top) of 5 in THF-d8. 
 
Figure S 6.18. 31P{1H} (bottom) and 31P NMR spectrum (top) of 5 in THF-d8. 
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Figure S 6.19. 1H NMR spectrum of 5 in THF-d8. * = solvent (THF-d8 / THF).  
Magnified part shows 1H, 1H{31P} (PH2), 1H{31P} (tBuPH), 1H{11B}, NMR (from bottom to top) of the anion. 
 
Figure S 6.20. 13C NMR spectrum of 5 in THF-d8. * = solvent (THF-d8). 
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6.5.6 Computational Details 
 
For all computations Gaussian 09 program package[9] was used throughout. Density functional theory 
(DFT) in form of Becke’s three-parameter hybrid functional B3LYP[10] with 6-311++G** all electron basis 
set was employed. Basis sets were obtained from the EMSL basis set exchange database.[11] The 
geometries of the compounds have been fully optimized and verified to be true minima on their 
respective potential energy surface (PES). 
 
Table S 6.3. Gas phase reaction energies ΔEo0, standard reaction enthalpies ΔHo298, Gibbs energies ΔGo298 in 
kJ mol-1, and standard reaction entropies ΔSo298, J mol-1 K-1. B3LYP/6-311++G** level of theory. 
Reaction ΔEo0 ΔHo298 ΔSo298 ΔGo298 
[PH2-BH2-tBuPH]- + PH2-BH2-NMe3 = [PH2-BH2-tBuPH-BH2-PH2]- + NMe3 -53.3 -56.5 -4.3 -55.2 
[PH2-BH2-tBuPH]- + AsH2-BH2-NMe3 = [PH2-BH2-tBuPH-BH2-AsH2]- (5) +NMe3 -56.9 -59.6 -9.8 -56.7 
 
Table S 6.4. Total energies Eo0, sum of electronic and thermal enthalpies Ho298 (Hartree) and standard entropies 
So298 (cal·mol-1·K-1) for studied compounds. B3LYP/6-311++G** level of theory. 
Compound Point Group Eo0 Ho298 So298 
NMe3 C3v -174.5277593 -174.401711 68.834 
PH2-BH2-NMe3 Cs -543.1864873 -543.012836 88.909 
AsH2-BH2-NMe3 Cs -2437.688332 -2437.516475 94.775 
[PH2-BH2-tBuPH]- C1 -868.5802614 -868.399538 103.033 
[PH2-BH2-tBuPH-BH2-PH2]- C1 -1237.259299 -1237.0322 122.069 
[PH2-BH2-tBuPH-BH2-AsH2]- (5) C1 -3131.76249 -3131.536995 126.639 
 
Table S 6.5. Optimized xyz coordinates (in Angstroms) for studied compounds B3LYP/6-311++G** level of theory. 
NMe3 
Atom x y z 
N 0.000000000 0.000000000 0.367467000 
C 0.000000000 1.391145000 -0.059957000 
H 0.000000000 1.502833000 -1.161580000 
H -0.884565000 1.899384000 0.331951000 
H 0.884565000 1.899384000 0.331951000 
C -1.204767000 -0.695572000 -0.059957000 
H -1.202632000 -1.715748000 0.331951000 
H -2.087198000 -0.183636000 0.331951000 
H -1.301492000 -0.751417000 -1.161580000 
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C 1.204767000 -0.695572000 -0.059957000 
H 1.202632000 -1.715748000 0.331951000 
H 1.301492000 -0.751417000 -1.161580000 
H 2.087198000 -0.183636000 0.331951000 
 
PH2-BH2-NMe3 
Atom x y z 
P -1.968522000 -1.143581000 0.000000000 
B -0.945248000 0.546654000 0.000000000 
N 0.722203000 0.462761000 0.000000000 
H -1.217018000 1.158325000 1.004099000 
H -1.217018000 1.158325000 -1.004099000 
C 1.232069000 -0.231054000 1.214957000 
H 2.325415000 -0.208258000 1.229998000 
H 0.836952000 0.271798000 2.096341000 
H 0.883556000 -1.261587000 1.209356000 
C 1.232069000 1.864466000 0.000000000 
H 0.856527000 2.374363000 -0.885309000 
H 0.856527000 2.374363000 0.885309000 
H 2.326008000 1.868299000 0.000000000 
C 1.232069000 -0.231054000 -1.214957000 
H 0.836952000 0.271798000 -2.096341000 
H 2.325415000 -0.208258000 -1.229998000 
H 0.883556000 -1.261587000 -1.209356000 
H -1.337737000 -1.885301000 1.043729000 
H -1.337737000 -1.885301000 -1.043729000 
 
AsH2-BH2-NMe3 
Atom x y z 
As -1.788881000 0.167310000 0.000000000 
B 0.156486000 0.957854000 0.000000000 
N 1.441160000 -0.090999000 0.000000000 
H 0.283622000 1.611249000 1.005083000 
H 0.283622000 1.611249000 -1.005083000 
C 1.441160000 -0.952488000 1.215659000 
H 2.328021000 -1.592163000 1.221830000 
H 1.436768000 -0.313149000 2.097118000 
H 0.540641000 -1.562361000 1.217251000 
C 2.683915000 0.735963000 0.000000000 
H 2.684015000 1.368957000 -0.885432000 
H 2.684015000 1.368957000 0.885432000 
H 3.566698000 0.090113000 0.000000000 
C 1.441160000 -0.952488000 -1.215659000 
H 1.436768000 -0.313149000 -2.097118000 
H 2.328021000 -1.592163000 -1.221830000 
H 0.540641000 -1.562361000 -1.217251000 
H -1.673853000 -0.887313000 1.104622000 
H -1.673853000 -0.887313000 -1.104622000 
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[H2P-BH2-tBuPH]- 
Atom x y z 
P -0.111859000 -0.745775000 -0.228660000 
P -3.307255000 0.046281000 0.052905000 
B -1.435134000 0.741023000 -0.082008000 
H -3.190995000 -0.898755000 1.123523000 
H -3.318995000 -0.979810000 -0.945766000 
H -1.388185000 1.388406000 -1.111059000 
H -1.267585000 1.450814000 0.890754000 
H -0.193060000 -1.302235000 1.088663000 
C 1.632251000 0.038244000 0.024264000 
C 2.675180000 -1.092186000 0.053951000 
H 2.497211000 -1.771548000 0.894347000 
H 2.638887000 -1.685779000 -0.864459000 
H 3.692736000 -0.685537000 0.161126000 
C 1.912593000 0.952948000 -1.180497000 
H 2.921522000 1.385391000 -1.111839000 
H 1.846847000 0.397013000 -2.121754000 
H 1.190330000 1.771862000 -1.227866000 
C 1.736336000 0.856219000 1.320809000 
H 0.984683000 1.647375000 1.347256000 
H 1.578263000 0.220972000 2.198417000 
H 2.732551000 1.317775000 1.413876000 
 
[H2P-BH2-tBuPH-BH2-PH2]- 
Atom x y z 
P 3.087302000 -1.556434000 -0.280819000 
P 0.000000000 -0.249805000 0.169283000 
P -3.087304000 -1.556432000 -0.280820000 
B 1.718318000 -0.842393000 0.979907000 
B -1.718319000 -0.842390000 0.979907000 
H 2.303391000 -2.473726000 -1.047024000 
H 3.088690000 -0.575322000 -1.321735000 
H 1.445341000 -1.731854000 1.748654000 
H 2.198949000 0.102634000 1.566005000 
H -0.000003000 -0.645219000 -1.192567000 
H -2.198951000 0.102638000 1.566002000 
H -1.445344000 -1.731848000 1.748658000 
H -3.088680000 -0.575324000 -1.321741000 
H -2.303390000 -2.473731000 -1.047017000 
C 0.000001000 1.634141000 -0.085116000 
C -1.256669000 2.054122000 -0.865829000 
H -1.283696000 1.595399000 -1.858783000 
H -2.168312000 1.766979000 -0.338528000 
H -1.265855000 3.144447000 -0.999024000 
C -0.000004000 2.317526000 1.294575000 
H -0.000005000 3.407817000 1.166777000 
H -0.885137000 2.042394000 1.873018000 
H 0.885125000 2.042395000 1.873022000 
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C 1.256675000 2.054124000 -0.865820000 
H 1.265859000 3.144447000 -0.999019000 
H 2.168315000 1.766985000 -0.338510000 
H 1.283712000 1.595396000 -1.858772000 
 
[H2P-BH2-tBuPH-BH2-AsH2]- (5) 
Atom x y z 
P 3.016497000 -2.297233000 -0.291254000 
P 0.481894000 -0.111359000 0.211929000 
As -2.944236000 -0.545551000 -0.140858000 
B 1.951136000 -1.202116000 0.989806000 
B -1.289386000 -0.115918000 1.102424000 
H 1.976577000 -2.951471000 -1.021553000 
H 3.277051000 -1.371899000 -1.349802000 
H 1.431893000 -1.969189000 1.763521000 
H 2.703079000 -0.449037000 1.568306000 
H 0.304744000 -0.511723000 -1.135606000 
H -1.487197000 0.974382000 1.587761000 
H -1.264976000 -0.977985000 1.944322000 
H -2.656987000 0.384112000 -1.327417000 
H -2.391247000 -1.756362000 -0.900423000 
C 1.058077000 1.672725000 -0.102840000 
C -0.028943000 2.438063000 -0.876588000 
H -0.224465000 1.980227000 -1.850806000 
H -0.969859000 2.464712000 -0.323679000 
H 0.296781000 3.472630000 -1.050283000 
C 1.308299000 2.360425000 1.251370000 
H 1.639704000 3.393650000 1.085378000 
H 0.398858000 2.387892000 1.856095000 
H 2.082785000 1.842356000 1.821927000 
C 2.360344000 1.662492000 -0.921465000 
H 2.691556000 2.693428000 -1.105733000 
H 3.159628000 1.136805000 -0.395682000 
H 2.220600000 1.177476000 -1.892153000 
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7 Conclusion 
7.1 Parent anionic derivatives of Pnictogenylboranes 
 
High molecular inorganic polymers bearing a group 13/15 backbone are mainly obtained by 
dehydrocoupling reactions of saturated pnictogen-boron adducts using transition metal catalysts.  A 
catalyst free linkage of monomers is achievable by thermal treatment of Lewis base stabilized 
pnictogenylboranes undergoing a head-to-tail polymerization, under release of the Lewis base. To 
investigate the catenation of unsaturated group 13/15 adducts and to get deeper insight into the 
head-to-tail polymerization reaction steps, the phosphorus based nucleophile NaPH2 was reacted with 
the Lewis base stabilized parent phosphanylborane H2P-BH2-NMe3 (C1). Substitution of the Lewis base 
NMe3 by the nucleophile leads to the formation of the anionic chain like compound 
[Na(C12H24O6)][H2P-BH2-PH2] (C3) in the presence of 18-crown-6 (C12H24O6) (Scheme 7.1).  
 
Scheme 7.1. Reaction of C1 and C2 with phosphorus and arsenic centered nucleophiles. Isolated yields are given 
in parentheses. 
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The analog reaction with corresponding arsenic containing starting materials KAsH2 and 
H2As-BH2-NMe3 (C2) results in the three membered chain like compound [K(C12H24O6)][H2As-BH2-AsH2]  
(C4, Scheme 7.1). The phosphorus and arsenic mixed compound [Na(C12H24O6)][H2P-BH2-AsH2] (C5) is 
accessible by the reaction of arsanylborane (C2) with NaPH2 (Scheme 7.1). Reaction of C5 with a second 
equivalent of arsanylborane (C2) leads to elongation of the group 13/15 backbone under formation of 
[Na(C12H24O6)][H2As-BH2-PH2-BH2-AsH2] (C6, Scheme 7.1). This compound is also accessible by reacting 
C2 with NaPH2 in a two to one stochiometry, representing an alternative and more straight forward 
synthetic pathway.  
The reaction of phosphanylborane (C1) with NHCdipp (NHC = N-heterocyclic carbene) instead of 
pnictogen based nucleophiles and subsequent refluxing in toluene leads to the formation of the cyclic 
compound [NHCdipp-BH2-PH2-BH2-NHCdipp][P5B5H19] (C7) containing a n-butylcyclohexane-like anion 
(Scheme 7.2). 
 
Scheme 7.2. Synthesis of C7. 
 
The results show that the parent phosphanylborane (C1) and arsanylborane (C2) are valuable starting 
materials for the generation of mixed anionic group 13/15 chain like compounds. For the first time a 
rational synthetic approach was achieved for 3- and 5-membered chain like compounds, which could 
be structurally characterized. Furthermore, the first examples of parent compounds of anionic 
pnictogenylborane derivatives C3-C6 have been synthesized. Overall, this unique class of compounds 
can be seen as stable intermediates representing the nucleophilic attack at the boron of the 
head-to-tail polymerization of unsaturated group 13/15 adducts. Furthermore, they represent 
promising starting materials for the preparation of extended mixed group 13/15 element chain 
compounds, cycles and polymers.  
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7.2 Coordination Chemistry of Anionic Pnictogenylborane 
Derivatives 
 
Since their first synthesis, the chemistry of trimethyl amine stabilized pnictogenylboranes has been 
investigated in detail. Beside polymerization and oxidation with chalcogens their coordination 
behavior towards boron centered Lewis acids as well as transition metal fragments has been 
investigated. Bearing a terminal EH2 group (E = P, As), these compounds are proven to be suitable 
candidates serving as complex ligands. The reactions of pnictogenylboranes (C1, C2) with 
pnictogenbased nucleophiles lead to the formation of anionic chain like compounds (C3-C6) bearing 
two terminal EH2 groups. Similar approaches with tert-butyl substituted pnictogenylboranes (C8, C9) 
and pnictogenides of the type NatBuEH, lead to the corresponding three membered anionic derivatives 
[Na(C12H24O6)][tBuEH-BH2-tBuEH] (C10: E = P, C11: E = As; Scheme 7.3) after subsequent addition of 
equivmolar amounts of 18-crown-6 (C12H24O6). 
 
Scheme 7.3. Synthesis of [tBuEH-BH2-tBuEH]- (C10: E = P, C11: E = As). Isolated yields are given in parentheses. 
18-c-6 = 18-crown-6 (C12H24O6). 
 
To investigate the coordination behavior of three membered anionic chain like compounds C3, C4, C10 
and C11 as well as the five membered derivative C6 are reacted with [W(CO)4(nbd)] 
(nbd = bicyclo[2.2.1]hepta-2,5-diene). Under substitution of the nbd ligand the corresponding 
coordination products are formed, revealing anions with cyclic structural motifs of different ring size. 
The resulting compounds [Na(C12H24O6)][(CO)4W(H2P-BH2-PH2)] (C12), 
[Na(C12H24O6)][(CO)4W(tBuPH-BH2-tBuPH)] (C15) and [Na(C12H24O6)][(CO)4W(tBuAsH-BH2-tBuAsH)] 
(C16) bear a four membered heterocycle. Compound [Na(C12H24O6)][(CO)4W(H2As-BH2-PH2-BH2-AsH2)] 
(C14) reveal a six membered and ([K(C12H24O6)][(CO)4W(H2As-BH2-AsH2)])2 (C13) an eight membered 
ring, respectively. In all cases the anionic chain like compounds serve as chelating ligands except of 
compound C13 in which the two [H2As-BH2-AsH2]- units serve as a linker connecting two W(CO)4 
fragments (Scheme 7.4). 
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Scheme 7.4. Synthetis of the compounds C12-C16. Isolated yields are given in parentheses. 18-c-6 = 18-crown-6 
(C12H24O6). 
 
Reaction of two equivalents of Na[H2P-BH2-PH2] (C3) with one equivalent of [Cu(MeCN)4][BF4] in THF 
leads to the coordination product [Cu2Na2(thf)4(H2P-BH2-PH2)4] (C17). The corresponding derivatives 
[Cu2Na2(thf)4(tBuPH-BH2-tBuPH)4] (C19),  [Cu2Na2(thf)4(tBuAsH-BH2-tBuAsH)4] (C20) are accessible 
under analog reactions conditions using Na[tBuPH-BH2-tBuPH] (C10) and Na[tBuAsH-BH2-tBuAsH]  (C11) 
as starting materials (Scheme 7.5).  
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Scheme 7.5. Reaction of C3, C10 and C11 with [Cu(CH3CN)4][BF4]. 
 
Beside characterization by multinuclear NMR spectroscopy, the compounds C17, C18 and C19 have 
been characterized by mass spectrometry. For each compound, a respective peak for a [Cu2(L)3]- 
fragment (L = anion of compound C3, C10, C11) can be detected. Compound C17 was additionally 
characterized by single crystal X-ray diffraction revealing a three dimensional scaffold structure with a 
distorted adamantane like repeating unit (Scheme 7.6).  
 
Scheme 7.6. Adamantane like repeating unit with Cu-Cu distances within the three dimensional scaffold of 
compound C17. 
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The results show that anionic derivatives of the parent as well as the substituted pnictogenylboranes 
are suitable building blocks in coordination chemistry. They can serve as chelating ligands in transition 
metal based complexes as well as linkers between copper(I) ions, leading to a novel three dimensional 
inorganic MOF like scaffold.  
 
7.3 Three and Five Membered Substituted Anionic Derivatives of 
Parent Pnictogenylboranes 
 
The number of anionic linear substituted 13/15 oligomers is limited to few examples which are solely 
characterized by NMR spectroscopy. An uncomplicated way to obtain linear three and five membered 
anionic 13/15 oligomers in good to excellent yields is presented here. The parent anionic chain like 
compounds [M(C12H24O6)][H2E-BH2-EH2] (C3: E = P, M = Na; C4: E = As, M = K) are accessible by reacting 
trimethyl amine stabilized pnictogenylboranes H2E-BH2-NMe3 (C1: E = P; C2: E = As) with MEH2 
(E = P, As; M = Na, K). Using substituted pnictogenides of the type NatBuEH (C20: E = P; C21: E = As;) 
(A, Scheme 7.7) and [EPh2]- (C22: E = P; C23: E = As) (C, Scheme 7.7) instead, leads to the formation of 
the corresponding anionic organosubstituted asymmetrical pnictogenylborane derivatives 
[Na(C12H24O6)][H2P-BH2-tBuPH] (C24), [Na(C12H24O6)][H2As-BH2-tBuAsH] (C25), 
[Na(C12H24O6)][H2P-BH2-tBuAsH] (C26), [Na(C12H24O6)][H2P-BH2-PPh2] (C28), 
[K(C18H36N2O6)][H2As-BH2-AsPh2] (C29), [Na(C18H36N2O6)][H2As-BH2-PPh2] (C30) and 
[K(C18H36N2O6)][H2P-BH2-AsPh2] (C31) after adding stoichiometric amounts of 18-crown-6 (C12H24O6) 
(C24-C26, C28) or [2.2.2]cryptand (C18H36N2O6) (C29-C31). Compound Na[H2As-BH2-tBuPH] is not 
accessible via the reaction of NatBuPH (C20) with H2As-BH2-NMe3 (C2). The decompostion of the 
starting material is observed instead. Using the nucleophile Na[tBuPH-BH3] alternatively to C20, the 
formation of [Na(C12H24O6)][H2As-BH2-tBuPH-BH3] (C27) can be observed, after addition of equivalent 
amounts of 18-crown-6 (B, Scheme 7.7). The compounds Na[Ph2E-BH2-EPh2] (E = P, As) are accessible 
by salt metathesis reaction of NaEPh2 (C22: E = P; C23: E = As) with IBH2-SMe2 in a two to one 
stochiometrie. Subsequent addition of stoichiometric amounts of 18-crown-6 leads to the isolable 
compounds 1,1-Bis(diphenylphosphino)borate (dppb)  (C32) and 1,1-Bis(diphenylarsino)borate (dpab) 
(C33) (D, Scheme 7.7).  
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Scheme 7.7. Synthesis of asymmetric (A-C) and symmetric (D) anionic chain like compounds; * variable content 
of THF. Yields are given in parentheses. X1 = 18-crown-6 (C12H24O6); X2 = [2.2.2]cryptand (C18H36N2O6). 
 
For compound C5 an elongation of the pnictogen boron backbone can be achieved by the reaction 
with equivalent amounts of arsanylborane resulting in compound [Na(C12H24O6)] 
[H2As-BH2-PH2-BH2-AsH2] (C6, Scheme 7.1). Analog reaction with anionic chain like compounds of the 
type [M(C12H24O6)][H2E-BH2-ER1R2] (E = P, As; R1 = R2 = H, Ph; R1 = H, R2 = tBu; M = Na, K) only works in 
selected cases. Using H2P-BH2-NMe3 (C1) as reactant  an elongation of the 13/15 backbone only occurs 
in combination with compound C28 resulting in the product [Na(C12H24O6)][H2P-BH2-PPh2-BH2-PH2] 
(C34, Scheme 7.8). Starting from other compounds no formation of desired products can be observed. 
Further five membered anionic chain like compounds are accessible by the reaction of arsanylborane 
(C2) with compounds C30, C28 and C24. The elongation of the 13/15 chain only occur at the terminal 
substituted phosphorus atoms under formation of [Na(C12H24O6)][H2As-BH2-PPh2-BH2-AsH2] (C35), 
[Na(C12H24O6)][H2P-BH2-PPh2-BH2-AsH2] (C36) and [Na(C12H24O6)][H2P-BH2-tBuPH-BH2-AsH2] (C37) 
(Scheme 7.8). 
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Scheme 7.8. Reaction of substituted three membered chain like compounds with pnictogenylboranes. Isolated 
yields are given in parentheses. 18-c-6 = 18-crown-6 (C12H24O6). 
 
Beside the three membered asymmetric compounds also the five membered derivatives are 
interesting substrates for coordination chemistry. Further the presented compounds substantially 
enlarge the number of linear arsenic containing oligomers bearing a 13/15 backbone. Additionally the 
synthesis of the first 1,1-Bis(diphenylphosphino)borate (dppb)  and 1,1-Bis(diphenylarsino)borate 
(dpab) is achieved. As isostructural but negatively charged derivatives of dppm 
(1,1-Bis(diphenylphosphino)methane) and dpam (1,1-Bis(diphenylarsino)methane) they are promising 
alternatives as complex ligands. 
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8 Appendices 
8.1 List of Abbreviations 
 
∠  angle 
‘  arcmin, 1’ = 
1
60
 degree 
°   degree 
18-c-6  18-crown-6, C12H24O6 
Å  Angstroem, 1 Å = 1·10-10 meter 
BN   boron nitride 
btmsa  bis(trimethylsilyl)acetylene 
Cp  cyclopentadienyl, C5H5 
Cy  cyclohexyl, C6H11 
°C  degree Celsius 
δ  chemical shift 
DFT  density functional theory  
dipp  2,6-diisopropylphenyl, C12H18 
EI MS  electron impact mass spectrometry 
ESI MS  electron spray ionization mass spectrometry 
Et  ethyl, C2H5 
e-  electron, elemental charge 
FD MS  field desorption ionization mass spectrometry 
FLP  frustrated Lewis pair 
h  hour 
Hz  Hertz 
IR  infrared spectroscopy 
iPr  iso-propyl, C3H7 
K  kelvin 
kJ  kilojoule, 1 kJ = 1·103 joule 
LA  Lewis acid 
LB  Lewis base 
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Me  methyl, CH3 
mg  milligram, 1 mg = 1·10-3 gram 
MHz  megahertz, 1 MHz = 1·103 hertz 
ml  milliliter, 1 ml = 1·10-3 liter 
mmol  millimol, 1 mmol = 1·10-3 mol 
MOF  metal organic framework 
Mw   molecular weight 
m/z  mass to charge ration 
nbd  bicyclo[2.2.1]hepta-2,5-diene, C7H8 
NHC  N-heterocyclic carbene 
nm  nanometer, 1·10-9 meter 
NMR  nuclear magnetic resonance 
NPA  natural population analysis 
Ph  phenyl, C6H5 
ppm  parts per million 
R  organic substitutent 
r.t.  room temperature 
tBu  tert-butyl, C4H9 
THF  tetrahydrofuran, C4H8O 
ṽ  frequency/ wavenumber 
vdW  van der Waals 
VE  valence electron 
wt-%  mass fraction 
 
br(NMR) broad 
d(NMR) doublet 
J(NMR)  coupling constant 
m(NMR) multiplett 
s(NMR)  singulett 
t(NMR)  triplett 
q(NMR) quartett 
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m(IR)  medium  
s(IR)  strong  
vs(IR)  very strong 
vw(IR)  very weak 
w(IR)  weak 
 
Eo0  reaction energy 
Ho298  standard reaction enthalpy 
Go298  standard Gibbs reaction energy 
So298  standard reaction entropy 
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